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CHAPTER I 
INTRODUCTION 
The·individual that is able to provide volumes of information on 
I 
many topics is useful to society in helping solve its many problems. 
But the individual that has the ability to interrelate many facts and 
to synthesize these facts.into a well defined solution to a problem is. 
even more valuable to society. It .is the latter individual that makes 
the volumes of information accumulated by the human race a worthy 
venture, for ~tis this information that becomes the raw material for 
the solution o~ perplexing problems. 
One who ha~ that c~pacity to interrelate many facts and synthesize. 
these. facts into a meaningful whole is said, among other things, to 
have demonstrated an understanding of the facts. To be sure the actual 
synthesis .of the facts into a solution of a practical problem includes 
several mental activities other than understanding. Yet understanding 
of the interrelation of fact$ to one another is a necessary beginning 
to such synthesis. 
Down through the ages.educational institutions have attempted to 
insure that their charges.have gained and retained some assortment of 
facts that the institution feels is important. Yet this is certainly 
not the sole aim of an educational institution. W. H. Chambers (5) 
writes: 
However important the.acquisition and retention of facts may 
be, it is doubtful that school administrators or teachers 
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would ever agree that their efforts in working with students 
are primarily directed toward these objectives. 
An understanding of the import and relation of these facts is also. 
equally acclaimed. Jean Piaget (9) states: 
The principle goal of education is to create men who are capable 
of doing new things, not simply repeating what other generations 
have done--men who are creators, inventors, and discoverers. 
The second goal of education is to form minds which can be crit-
ical, can verify, and do not accept everything they are offered • 
• • • We have to be able to resist individually, to criticize, 
to distinguish between what is proven and what is not. 
If these can be considered primary goals of education today, then 
an understanding of facts studied is a paramount objective of activi-
ties classified as educational. 
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Increasing emphasis is being placed on the ability to develop facts 
at one's disposal into a useful, interrelated whole. Norman Gronlund 
(17) makes the following statement concerning this increasing emphasis: 
These and similar learning outcomes have been variously classi-. 
fied under such general categories as .understanding, reasoning, 
critical thinking, scientific thinking, creative .thinking, and. 
problem solving. There is general agreement that these learn-
ing outcomes based on the higher mental processes constitute 
some of the most significant outcomes of education •. 
The increase in emphasis on higher mental processes has included 
the development of .these processes in the educational objectives of 
every institution for higher education. The development of these proc-
e1;1ses also becomes a goal of each course in the institution. Under-
standing as one.of these processes becomes a separate and distinct goal 
of a course .offered by the institution. 
Understanding is a major objective of any course and much time is 
spent in developing understandings within the course. The verbal ad-
herence to this goal, and the time spent in striving for it suggests 
tha.t this. objective be capable of evaluation through testing. This 
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study.is addressed to the.assessment of the objective of understanding 
in a chemis1;:ry course. -
Background for the Study 
The shift in emphasis from tha1;: of knowledge to one of understand-
ing in course. objectives should be reflected in-the examinations used 
in such a.course. Since.the major use of these tests are for student 
certification--the-assignment of a letter grade as an indicator.of the 
degree of competence in the.course~-then this letter grade should also 
reflect the degree of understanding in.the course. However, this_is· 
only-true in so-far as this type of goal can.be tested.by the examina~ 
tions used~ 
At.tempts hl:!,ve been made in recent years to assess understanding 
with paper anq. pencil tests using the.new type· test format. Model 
multiple choice questions were presented as a-result-of the Eight-Year-
Study reported in the Forty-ninth Yearbook of the.National Society for 
the Study of Education (4). In-this-study a number of objective tests· 
for measuring complex learning outcomes were developed under the di-
rect;ion of R. W. Tyler. The impact of this study.is shown by Engle-
hardt's (11) statement •. 
Until recently, most standardized achievement tests have empha-
sized ratQer strongly the purely informational goals of.instruc--
tion._ However, more and more, tests now require the student to 
perform various mental tasks rather than only to recall learned 
facts. This approach to measurement based upon a sound under-
standing of pupil growth and development, the nature of learning, 
and individual and group differences, calls for more widespread 
utiliz_ation of. the requisite testing techniques. 
The study by Bloom (3), Taxonomy of Educational Objectives.has 
also supported the added emphasis of understanding in course tests. 
The attempted .delineation of the.various cognitive ,processes has aided 
in the development of test questions specifically designed toward the 
goal of assessing these processes. 
4 
The course tests are also important to the students, if for no 
other reason than that they are intimately involved with the system of 
rewards and punishments important to them. The student is usually 
interested in doing well, and this is reflected in the grades as deter-
mined in part by the tests. This suggests that the student should be 
very interested in doing well on the tests. Tests also indicate to the 
studen.t those things that are considered important in a course, and 
therefore should determine to an extent the learnings most profitable 
to him. 
Written course tests.have increased in prominence as clues to the 
portions of the course important to the student. This trend is due.to 
the large sectioning of·students in a course forced by increasing en-
rollments found in most large schools. The test importance is empha-
sized by the desire on the part of the student to obtain previous tests 
for study purposes and the proportion of the grade that is dependent 
on the written tests for its .determination. 
The above aspects .of the development of the importance. of the test 
and the change in emphasis of educational objectives indicates that 
information is needed on the extent which the goal of understanding can 
be tested and the degree to which the tests aid in supporting the stated 
objectives of a course. 
Statement of the Problem 
Subject to the limitations set forth presently.this study attempts 
to determine if there is a measurable change which occurs in the ability 
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of students to answer test questions designed to measure knowledge as 
•opposed to those designed to measure understanding•as a result of course 
testing. This study attempts to measure the change that results because 
of the student's consistent exposure tosimilar test objectives through-
out the·course. 
A secondary and supporting objective of this study is to determine 
·to what degree a student consciously alters his study, techniques and 
his approach to the·course material as·a result of continued exposure 
to a given.testing objective. Necessary for the·study is the prepara-
tion of tests for thechemistry course that are unitary in their cog-
nitive objectives--namely to assess either understanding of chemistry 
or knowledge of chemistry, the preparation of a final examination for 
the chemistry course that contained approximately an equal number of 
questions assessing understanding of chemistry and knowledge of chem-
istry, and the development of a student survey that would provide a 
sample of the·conscious preparation the.students·made·for the·specific 
type·of test they received, 
Hypotheses 
The hypotpeses that guide·this study stated in the null form are 
·as·follbws: 
1. There is no difference (at the 0.05 level of confidence) in 
the mean scores•on the questions designed to assess under-
standing of cheatistry. by groups·receiving·knowledge type 
questions and the groups receiving understanding type ques-
tions. 
2. There is no difference (at the 0.05 level of confidence) in 
the mean scores on questions designed to assess knowledge of 
chemistry by groups·receiving knowledge type questions and 
the groups receiving understanding type questions. 
3. There is no difference (at the.0.05 level of confidence) in 
the student emphasis on studying and memorizing facts by.the 
groups receiving knowledge type questions and the·groups 
receiving understanding type questions. 
4. There.is no difference (at the 0.05 level of confidence) in 
the studen.t emphasis on. the study of the interrelation of 
facts and thinking relating basic concepts.of chemistry by 
the,groups receiving knowledge type questions and the.groups 
receiving under1;1tanding type questions. 
5. There is no difference (at the 0.05 level of confidence) in. 
the student perception of the difficulty of the.te~ts by the. 
groups receiving knowledge·type questions and the groups 
receiving understanding type questions~ 
6. There is no difference (at the 0.05 level of confidence) in 
student perception of the immediate source of materials from 
which the questions.for each test were drawn as·perceived by 
the groups receiving knowledge type questions and the groups 
receiving understanding type questions. 
Significance of the.Study 
This study should help to give an indication of the relative im-
portance of course test questions useful in supporting the objective 
of knowledge·of facts or the objective of understanding of course con-
tent. If the knowledge type questions alone produce poor responses to 
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understanding type questions, the understanding questions should be 
spec;ifically included in the construction of .. the test to. aid in sup-
porting understanding as a course objective. If understanding ques~ 
tions produce equally successful results on the knowledge.questions, 
perhaps it would be·best to reduce the number and weight.of the knowl~ 
edge questions.and still support both the understanding and-knowledge 
outcomes of a course. This study may support one of these possibil-
ities. 
The effect of .test questions themselves in promoting changes in. 
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a student's approach to study and his consideration of what is meaning-
ful in a course should be carefully assessed~ The effect of the test 
in. direc;ting the student toward atta.inment of specific: objectives will 
be indicated by this study. 
This study will give an indi.cation of the effectiveness of testing 
for understanding and the testing for knowledge. If understanding is 
only a term that cann<;>t be ,quantitat:ively assessed by.the type of test 
employEld in, this . study, then it .. would be wise to devise and· rely on . 
some more.satisfactory means of measurement. 
Limitations of the Study 
The population used. in t°Qis study limits· the application of· the 
results of· th:i,s·study. Thus the results are limited.to the population 
of students at Oklahoma State University taking Chemistry 115, a begin.,. 
ning chemistry course for students who have not had any formal intro-
duction to·chemistry.or those students who have·a composite score of 17 
or .. below on the ACT test administered by the University. It also in-
cludes, only those students who complete the entire semester of Chemistry. 
115. 
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The studyby its nature is also limited to the subject matter of 
the course as it was assigned and presented in lecture and laboratory 
sessions~ The text material of the course is found in selected chapters 
of the text by King and Caldwell (24), College Chemist1:Y_ (see Appendix). 
This study is also limited to the cognitive powers that are neces-
sary to answering questions of knowledge or of understanding as these 
questions are defined later in the study. 
The format of the test is a further limitation. Only objective, 
multiple choice type questions were used in this study and therefore it 
is confined to conditions. that utilize .this form of testing. 
Clarification of Terms 
The following terms have specific meaning in this study. 
Student 
A person enrolled in Chemistry 115 at Oklahoma State University. 
Test 
The test is an examination of the objective type composed of 
questions with a stem and five responses. One of these responses is 
considered the best and only correct answer. The'questions are often 
referred to as 5-response multiple choice questions. 
Knowledge of Chemistry 
A student is said to have demonstrated a knowledge of chemistry if 
he can recall the content, that is, the laws, theories, and other as$er-
tions and facts, as they are presented to him in the chemistry course 
through lecture of text book reading. This definition is similar to 
one suggested by Nedelsky (29). 
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Understanding of Chemistry 
A student has an understanding of chemistry if he can.use the 
facts, laws,· theo.ries, and other assertions. and facts. in a cc;>nte:}!:t ·or, 
situatiori. that is different from.those used in following explicit rules 
and situations practiced in,the chemistry.course. Nedelsky (29) sug-
gests:a similar definition. 
Ability 
The series of.cognitive processes·that.are necessary to demonstrate 
either knowledge of chemistry or understanding of chemistry. 
Student Survey 
This.is.aninvestigatG>r constructed inventory·designed to measure 
the degree to which a. student has· interacted with .the various· objectives·. 
of the course test as presented to him in the course test questions~ 
Pilot Study 
This refers to the·preliminary study conducted during the,first 
semester of the academic year, 1966-67. In this prelimiri.ary study test 
questions·were devised and tested in one section of the four sections 
of Chemistry 115. 
PJ;:"incipal Study 
This study refers to that carried out during the second semester. 
of the 1966-67 academic year in which successful questions of the pilot. 
study were utilized. 
Knowledge Group 
These are students in Chemistry 115 who received questions designed. 
to test for knowledge of chemistry throughout their test experienqes in 
the course. 
Understanding Group 
This is the group of students who received test questions to 
sample their understanding of chemistry,throughout their test exper"'." 
iences in Chemistry 115. 
Basic Assumptions 
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This study assumes that the tests taken by the.students are major 
motivational factors directing the studen.t's .study. These tests are 
assumed important enough to the student that he will study the test 
results to aid in directing further study during the course. 
It is assumed that theabilities studied--knowledge and understand-
ing of chemistry--can be measured by the use of paper and pencil tests 
in the format of the objective multiple choice question. It further 
assumes that there is no high correlation between the abilities tested. 
Randomization is assumed to have controlled for the many factors 
that are not specifically investigated in this study. It is further 
assumed that factors.of intelligence and interest in chemistry will be 
initially homogeneous due to the selection procedure used in enrolling 
for Chemistry 115. 
The student's.educational experience with objective tests and his 
degree of sophistication in testing as they relate to the abiliti~s 
pertaining to this study are surely varied. Still the groups may be 
assumed homogeneous as a result of the method of selection used in 
choosing the members of the group. 
CHAPTER II 
REVIEW OF SELECTED LITERATURE 
Introduction 
Testing as practiced in education is conducted for a variety of 
purposes~ These purposes may be conveniently grouped to include ap-
praisal of individual student achievement, diagnosis of learning diffi-
culties, appraisal of curriculum effectiveness and assessment of general 
education progress (43). The appraisal of individual student achieve-
ment is.the prime concern in this study. Appraisal of individual stu-
dent achievement is used as a major factor of student certification. 
This appraisal, then, involves the incentives for students to study 
course material. Its use for certification may also effectively organ-
1 
ize course objectives for the student. 
Course tests are an important part of the sampling procedures of 
student behavior. These student behaviors.are compared behaviors ex-
pecteq. on the basis of course objectives. This col!lparison is used to 
determine the grade given the student in a course. In this sampling 
procedure the student is confronted with questions to which he may re-. 
spond. The response, it is hoped, indicates. a tangible way the extent· 
to which the student has achieved the objectives of the course. 
Selected Literature Related to Test Motivation 
Since course tests are a sampling of those outcomes that are 
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consider:ed of paramount importance in the.course, they represent-in the 
student view a set of clues that are of· value to him in determining the·· 
behavior .that.is expected of him in, a course. The· impact·of .thes~ 
clues is heightened by.the systems of reward and punishment attached to 
such achievement tests. 
The effect that results because of the nature of achievement test-
ing is the directing of student learning activities and student goals. 
In discussing this relationship between educational goals and testing 
programs, . Robert Ebel (10) states:. 
Tests can be valuable tools for motivating and directing student 
achievement if they are good.tests and if the students and teach-
ers know of their general nature at th.e beginning of a course of 
instruction. 
The extent to which a course test has the power·to direct learning is 
emphasized by·John Stalnaker (35). 
Pupils adapt their learning .to meet the requirements of the test 
situation. This adaptation is,to be.expected .because the tests 
are the most tangible clue~ and most potent single influence in 
determining the goals of study. The typical pupil is anxious to 
do well in school work •. Parents stress success in school~ and 
the usual· inc.entives to excel are present.· Since succees in.· 
school is measu;-ed .in·terms of marks and since marks are based 
in a large part on the resu.l t_s of tests, the pupil soon learns 
that the test is a real hurdle. He -therefore d~rec~s his 
learning in the paths which he.believes·will lead to.high grades 
on the test, and if there are short cuts~ he will use them, 
At the completion of.secondary school training, ·the student has 
had repeated ·experience. with .educa.tional testing for stuoent achi~ve-
ment.. The ,student is by this time well aware .of the variable but im-
portant influence that tests .. have in indication ,of his educational 
success. 
The power attributed to.the test in molding and directing the 
goals actively sought by.both students and teachers has be~n utilized 
in curriculum innovations that have currently been prominent at the 
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secondary·level •. The test represents a series .of·tangible examples of 
the types .. of activities that are considered desirable as a result of 
study of. mater.ial .in the course. Ferris (12) indicates the use of 
tests .· for this purpose· when he speaks of their role in the new curricu-
lums .• · 
In this sense the tests were conceived as an integral part of 
the instruction process for.the p4rpose of communicating to 
the students·and teachers, in.terms of specific tasks.to be. 
performeq., the objective of the course.. Since students are· 
strongly influenced by tests, because tests are to them the. 
basis of rewards for their efforts, it is essential that at-
tempts.to-emphasize methods·as well as suqject-matter.cover-
age be included so that the.student is required to demonstrate 
his knowledge of process or method as well as his knowledge 
per se. 
Implicit in the above statement is the·firm belief that the test 
lends strong support to the impelementation and direC!tion of changes in 
student behaviors. The test.may be considered one of the chief .means 
of implementing these changes. This belief, though intuitively appeal~ 
ing, is only sparsely supported by experimentally verifiable informa-. 
tion.. At the height. of the development of the objective type questions 
for achievement testing in.1929 Ruch (31) laments: 
It is unfortunate that we have so little direct information as· 
to the motivating effect of examinations. That examinations 
do have this value has been tacitly agreed but never proved. 
In spite of this dearth o{ proved fact, . it does seem rea.sonable 
to suppose that pupils strive for.somewhat greater and·somewhat 
more permanent mastery when they·realize that searching exami-
nations may- be expected at a later. date.. · 
T. H. Schulte ,(33), in an early investigation of the value of 
final examinations, compared one group of college classes which expected 
a final.examination with at'!-other group of classes.that.did not·expect _a 
final examination. He found the.knowledge that there would be a.test 
produced·worthwhile results in terms of the higher group scores ,on the 
final examination, and in·terms of the.grasp of lecture material. 
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The study on the.effect of .short objective ·tests of college stu-. 
dent achievement in psychology was carried out by S. H. Turney (42). 
The group of students receiving twelve short objective .tests did.sig-
nificantly better work than similar students not taking each test.· 
Paul Terry (40) studied the review techniques of students for dif-
fering types of tests. He found that .students. adapted their methods of 
study to the type of test they expected to t&ke when told if the.test 
was object.ive ,or essay. In tqis study he found a correlation of O .04 
with the degree of disc~imination of the reviewing techniques and in-. 
telligence·as measured.by·the Otis Group Intelligence Scale and·a neg-
ative ,correlat:i,on of 0.07 with the grades·in,psychology. He concluded: 
"It seems reasonable to belieye·that.the study behavior is .influenced· 
to. a significant extent by the teacher's selection of tests •. " 
Terry conducted,further studies into th~ study behavior-of stu-. 
dents as they studied for three types of objective te1:?ts: recall, com-
pletion; and true-false types. Samples of each type were given to. 
junior and senior students in a psychology class. They·were asked to 
respond to· a serief? of questions, that indicated. how they. studied for 
each type of test. He concluded: '~he kind of test to be given, if 
the students know it in advance, determines in large measure both wha.t· 
an4 how they.study." (41). 
George Meyer. (28) and Douglas and Tallmadge (8) inc],uded·the essay· 
exam but came to similar conclusions. 
Some doubt as to the sweeping nature of these earlier studies into 
the .effects of; a· tes.t on .a student's approach· to study is cast by R. 
Bakan's (2) study reported in,1957. She:was interested, in the effect 
of a modified multiple choice itell). under differing conditions. The 
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test used is,described as a."free choice" type of test--one in which 
any number of responses could be marked to insure that the correct one. 
was included. Two groups of students in a natural science course wel;'e 
given this type of question. One group was told that their score on 
the-test would be a part·of .their grade while the other group was told 
that their grade wou:J,.d not be affected. There_ was .. no significant dif-
ference in the results of the two group!s scores .on the tests; She 
concluded: " ••• students.can be motivated by means other than 
grades.II 
In. this .. investigator's opinion, the statement by. Ruch still is 
valid at.the present time, namely, that.there is a deficiency.of em-
pirical information supporting the.intuitively satisfying contention 
that the test molds the goals and is.instrumental in guiding stuq.ent 
learning. 
Measuring Abilities with the Objective Test 
To determine the effect that tests have .. in a course in directing 
the goals and developing the abilities, it is first necessary to deter-
mine what it is ,that course tests are able to mea~ure. Are they_able 
to measure and test only one type .. of -knqwledge? Do they -only -COll;nt the 
number of-facts and·bits of:information in the possession of.the testee, 
or are·tests.capable of measuring other higher mental processes1 Since' 
a person has an ability to remember bits of information,_ it is not,pre.-
eluded that this-individual possesses an equivalent ability .to.under-
"" 
stand these bitl:I of informat:i,on. This belief is .stated by,Cronbaeh (7): 
Two persons· may be acquaintec:l with the _same. facts_ or principles, -
but one will, .be more· expert in -his understanding, better able. to 
cope with inconsistent data, irrelevant·sources of confusion, 
and apparent exceptions to the principle. To.measure intellect~ 
ual competence is to measure depth, connectedness, and appli-
cability of knowledge. 
The objective or "new-type'' test; question which came into promi-
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nence. in the. early 1900' 1,3 was found to be quite successful in measuring 
the .bits .of information possessed by the studen.t. But as this. test 
form began.to be used to a greater extent, it became clear that.the 
qµestions as they were then being used. measured little else but recall. 
of facts. There were attempts to show that the test form was not.re-
stricted to demonstrating the ability of the student to re~all informa-. 
tion, but that _it had wider· applicability tq higper mental proc,esses, 
i 
Attempts were also made to demonstrate .. that the measurement of recall 
is .not the same as measurement of other higher_mental·processes. 
One of the first studies in this regard was one reported by Ralph 
Tyler in a book by C. H! Judd entitled Education as a Cultivation of· 
the Higher.Mental Processes (23). This.study was conducted over a 
period of several years to explore the relationships between results of 
a.test.of recall, a test of recall·and application of·principles, and 
a test of interpretation of data. The tests.were of the "new-type". 
Recall had a single best answer multiple choice form, while the appli~ 
cation questions and interpretation of data questions were of the many 
answer multiple choice form. The application and interpretation ques-
tions also included considerably longer stems than the recall questions. 
Sixteen separate studies are reported in which the number of college 
students ranged from 22·to 684. These studies also ranged over a vari-
ety of courses in.the natural and social sciences, agriculture and home· 
economics. Three tests, . one of each type--recall, ·recall . and applica-
tion of principle, and interpretation of data--were given to each class. 
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The correlation coefficients, corrected for attenuation, ranged from 
0.33 to 0.54 for each of the three types of.tests. The correlations 
between the.tests for recall and the tests for recall and application 
were somewhat higher than those for recall and for interpretation of 
data. This was attributed to the greater reliance of the questions in 
the application of principles test on recall of information. Tyler (23) 
concludes: 
Memorization of facts frequently fails to result in the develop-
ment of higher mental processes. If the higher mental processes 
of application of principle and inference are really to be culti-
vated, learning conditions·appropriate for their cultivation are 
n~cessary. 
T. E. Raths (30) in his evaluation of the same studies states: 
These findings are substantial justification of the judgment 
that we must appraise each of the$e abilities separately; 
achievement in one is not always accompanied by achievement 
in the other. 
The correlation coefficients·among these tests tend to indicate that 
they are each measuring different aspects of mental processes, but it 
is .not clear from these studies just what these different aspects are, 
Scores on two types of tests.in a physical science course were 
compared by Heil (20). He constructed two tests. One was to measure 
the recall of physical fact and of stated generalization. The other 
test was to measure the student's ability .to apply generalizations to 
new situations.· Here the situation was presented in a stem. The solu-
tions to the situation were presented in a multiple-choice format. A. 
list of generalizations was presented in a multiple.,-choice format in 
.which more.than one answer was correct. A correlation table was con-
structed to compare the class rank of students on the knowledge of prin-
ciples test with the class.rank of the same students on the application 
of principles test. A coefficient of .correlation of 0.60 was reported. 
18 
The'. cerrelation reported in thil? study is much higher· than the 
correlations reported in the Tyler studies. One·. is led to speculate · 
about this discrepancy. The Tyler study.does not appear to attempt a 
comparison between recall and application while controlling for facts. 
and subject matter that are related to both application and recall. 
questions. In the study by Heil there is an attempt .to assess the 
knowledge of facts and to assess the ability .to apply a principle re-
lated to the same facts and subject matter. Perhaps this can account 
for the higher correlation. 
In a study. reported recently by Haym Kruglak (25), additional in-
sight is gained that may.aid in assessing the effect that the form of 
the responses expected .of the student. has on an evaluation. Experi-
mentation was conducted using the multiple-choice question format and· 
an open ,ended, test. fo:r,-m to as.sees knowledge of physics terms. Here the 
correlation between the scores made.on the open ended test and the 
multiple .choice test of .definitions was positive but low-.-about 0.37. 
The tests that attempt to utilize and measure the higher mental 
processes ·are often criticized because it is felt that they are little 
more than.tests of intelligence. Evidence against this criticism has 
been forwarded by the work of E. M. Glaser (16). Fou.r twe.lfth. grade· 
English classes were given ten .weeks of special instruction that was 
designed to stimulate growth in the ability to think critically. Gaips 
of the composite critical thinking scores were correlated with initial 
scores on .an· intelligence te.st. The correlation was O. 33. This low 
correlation was interpreted to imply ~.hat reasoning ·tests are not the 
same .as intelligence tests. The· cqrrelations are positive but far from . 
perfect even allowing for the imperfect reliability of the test. 
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The low or high correlation of one test with another in all of· 
these studies .is critically dependent on the means of classifying ques-
tions in terms of their beh~.vioral outcomes and the conception of what. 
is believed to.be the higher mental processes. Tyler (23) conceived 
of the mental processes involved in testing as recall, application of 
principles, and interpretation of dat.a. As a result of the Eight Year 
Study, Smith and Tyler (34) classified the kinds of thinking ability 
necessary for a test as: the. ability to interpret data, the ability to 
apply principles of science, the ability to apply principles of logic, 
and an understanding of the nature of proof. Along these lines ,of 
classification, rather elabo.rate questions were constructed. Sample, 
questions are.presented in the Forty-Ninth Yearbook of the National 
Society for the Stu~y of Education (4). These questions also included 
an elaborate system of scoring in order to facilitate a diagnostic. 
function. 
Revised classification of .test questions was .further refined by. 
Raymond Gerberich (15). An attempt was. made to classify test items. 
according to the types of learning outcomes that they would measure. 
He .distinguished ten types of outcomes: skills, knowledge, concepts, 
un4erstandings, applications, activities, appreciation, attitudes, 
interests, and adjustments. Sample ques.tions for each outcome. are 
given.in many subject matter areas and directed toward high school 
levels. Of .these outcomes he classified skills and knowledge as highly 
tangible, concepts, understandings, application, and activities as of 
intermediate. tangibility and those .that remain as intangible. The 
tangibility is representative of the difficulty in measuring the given 
outcomes. 
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In order to aid in the construction of test items and to insure 
that these items measured the stated educational objectives, Bloom (3) 
developed the Taxonomy of Educational Objectives. The approach to clas-
sification of test questions is different here. The course objectives 
are the basis of classification rather than the questions themselves. 
In th.is study the objectives were classified into six major categories: 
knowledge, comprehension, application, analysis; synthesis, and evalua-
tion. In this taxonomical arrangement each category is presumed to .be 
a necessary.part of the category that follows it and thus they form an 
hierarchical order. 
Evidence for the workability of such a system of classification. 
has been accumulating. Stanley and Bolton (38) indicate.that the clas-
sification in the Taxonomy of Educational Objectives can be used with a 
considerable degree of reliability. They made.use of eight graduate 
students in.education to classify the test items found in Gerberich's 
book, Of all the questions classified from the book, fifty-one percent 
were assigned to the knowledge category. This probably reflects the 
rote-knowledge basis of the typical curriculum at the. various levels 
of education. It was found that five or more classifiers agreed on 
about one-half of the items. Ignoring subcategories, the classification 
was considerably better but by no means perfect. 
In a more.extensive study of the applicability of the classifica-
tion of the Taxonomy, Stoker and Kropp (39) developed two tests of 36 
multiple choice questions. A reading passage was presented Jirst 
followed by nine questions in each of the six major categories of the 
Taxonomy. One reading passage involved Mendeleev's construction of the 
periodic chart of the .elements, and the other was an article about the 
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rel~tionships between surface.area, cross section, and weight •. The 
questions were submitte.d to judges for separation into categories of 
the Taxonomy. The inter~judge agreement was unanimous for 11 out of 
36 of the items on each .test. On .nine of the .other items on .one test 
and sixteen items on .the other test there was .. only one judge that .dis-· 
agreed out of the four judges•: The· conclusion was: · 
Thus it would appear that when the Taxonomy serves as a basis. 
for constructing items to measure the behavior described 
herein, judges can assign the ·items to the appropriate cate- . 
gories with some accuracy. Lack of complete agreement can be 
ascribed to at least.the following two reasons; both of which 
have a conunon basis in.that the item writer and.the item judge, 
have different notions about the competencies and the problem 
solving methods used by students for whom the itmes are in-
tended. First, the ·item writer might prepare an item for an 
upper .level of the Taxonomy; and· the rater believe.s the student. 
will ,know the answer to the item because. of prior knowledge. 
Second, the item.writer might prepare·an item to evoke behaviors. 
regarded.as "Evaluation" for example.but the student might 
answer the questions by systematically eliminating distractors; 
thus, the intended process differs from the .obtaj,.ned process. 
The study.also provided some additional support for the Taxonomy, 
The scores on.the tests .of 1000 students showed that as scores improved· 
in the knowledge and comprehension categories, so did the scores in 
each of the other areas. Correlation matrices were subjected to simpli-
fication analysis. The results of these anaiysis did.support the sue-
cessive complex:lty concept for the .categories of knowledge, comprehen-. 
sion, application and analy!;lis. However, factor analysis did not, 
support the hypothesized structure fo.r the Taxqnomy. 
In another attempt to .apply the Taxonomy to achievement testing, 
Schmitt, Montean, Winter, and Farr (32). developed· seven unit te.sts for 
high school chemistry. Each unit test consisted ,of 50 questions. Cate-
gorization in the six areas of .the Taxonomy presented .some.difficulties 
when.constructing the questionst so modifications were required because 
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of the limited. time in constructing so many questions and the difficulty 
found in writing the questions. They consolidated the categories in.the. 
followi,ng way: 
Recall: Any item which had been taught in substantially the 
same form as that.in which it appeared in the test, requiring 
mere resurrection of a particular bit of information. Re-
phrasing, inversion of sentences, and similar form changes do 
not remove any item from the recall category. 
Comprehension: Any item requiring the application of a princi-
ple under circumstances different from those constituting the 
teaching context of the principle, but in such a form that the 
correct principle is implied in the question •. 
Application:. Similar to comprehension, but required principle 
is not implied in the question, so that the student must select 
the appropriate principle from his repertoire of learning 
principles as well as apply.it correctly. Quantitative prob-
lems were considered in this category. 
Higher competencies: This category included items which re-
qu:f,.red analysis .of a complex situation and subsequent drawing 
of analytic, synthetic, or evaluative -inferences. 
After the test questions had been developed and categorized by the 
above sc.heme, they were submitted to a panel of judges, There were 
disagreements in categorizing some of the test items. When these could 
not be resolved in cqnference, the item was discarded. Intercorrelation 
among test items.for category combinations of recall, comprehension, 
application, and higher competencies were all between 0.87 and 0.80. 
They concluded that-· "a common· factor is. influential in determining per-
formance·on all fo.ur types .of ·items." 
Herron ·(21) compared the Chemical Education;Materials.Study Course 
with the conventiona.1 high school chem:f,.stry course. In-an examination 
constructed -for the purpose, items of the test were identified with 
each of· the six categories of .the Taxonomy. The five judges used to .. 
validate the.categorization of the ·items agreed unanimously,on 33 of 
the 83 items. In th.e study, students in the various treatment groups 
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did not perform·at.the same level on the several sub-tests, indicating 
that.the abilities that.were tested did differ. Subtest reliabilities 
in each of the categories were low, ranging from 0.62 to 0.48. 
The problem of validating tests·that are designed to evaluate the· 
higher cognitive powers is a difficult one as indicated in a study by 
Robert McFall (27). For the purposes of this study, the six categories 
of the Taxe>nomy.were reduced.to two:· the ability to recall knowledge 
in a specific field of study and the ·ability to handle concepts, analyze 
principles, rendei;- judgments; and evaluat.e material relevant· to .a 
specific content area. Evidence for concurrent validity was gathered 
by comparison of the two subtests with current methods of evaluating 
student achievement. A positive correlation with the current methods 
of evaluating student acl1.iev~ment and the test fqr recall of ·knowledge 
was found. A low corr(;!lati.on resulted in the subtest for higher level 
mental pl;'oce1;1ses .and the current methods of achievement evaluation. 
The current methods used as a criterion were the grades in the courses 
of similar subject matter (science), total score on the Stanford 
Achievement Test, and scores on the .science section of·the Stanford 
Achievement Test. Correlation between the .Otis Quick-Scoring Mental 
Ability Test and the.subtest for recall of knowledge was also reported. 
It was .0.40. Between the Otis Quick-Scoring Mental Ability Test and 
the subtest of .higher mental .processes the.correlation was 0~28. The 
correlation of the two subtests with each other was 0.41. The magnitude 
of the correlations produced the following reaction from McFall (27): 
A much lower correlation was anticipated. Theoretically, the 
ability to handle items characteristic of Subte1;1t B (higher 
mental .proc~sses) should not necessarily be related to the. 
facility with :which specific knowledge can be recalled. 
Whether the ·two parts of .the experimental test a.re measuring 
independent factors and whether the mental abilities required. 
may be. related,or must be .related cannot be determined. on the 
basis of this data. 
The data that were collected for concurrent validity supported the 
hypothesis tha~ were proposed in the study. 
The relationship betwee~ the higher mental processes as they are 
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learned in different subject matter areas was explored by Edward Furst 
(13). He found that.a s~udent's .level of performance·in a certain. 
thinking .skill in on,e subject matter area bears littl.e relationship to . 
his performance level in the same.skill in another suqject matter area. 
To be.more.specific, the abil:i,ty of a·student to judge data in.the 
social sciences had little.relationship with the student's ability to 
judge·data·in the physical sciences. 
In a recent report on the Harvard Project Physics Curriculum DeT 
velopment, Winter and Welch (45) report another variation in categoriz-
ing questions used in their achievement tests, One dimension of a two 
dimensional grid included.the operations required of students in answel;".-
ing questions. They included: 1) the recall of specifics, 2) the re-
call or selection of limiting, identifying, applying, or defining con-
ditions, 3) the interpretation of information requiring the application 
of .concepts, law1:1, theories, or equations without numerical·computation, · 
and 4) the·computation from data. This categorization was further re-
duced by grouping two and three above into a single.category that was 
called "applying knowledge", They encountered difficulty in.developing 
unambiguous questions.and felt th,at the·multiple choice .format was a· 
severe limitati<;m encountered in attempts to make the ,evaluations they 
felt necessary. Limitat:i,ons,of the multiple choice format are also 
reported .elsewhere by John Connaly (6), Banesh Hoffmann. (22), and Ferris 
(12). 
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Cronbach (7) expresses the .difficulties .encountered related to the 
disparity between what the test question actually measures and the.cate~ 
gorization of the question by an.operation it was to measure. He 
writes: 
The·distinction .between factual tests·and tests of higher mental 
pro.cesses; as elaborated for e:2tample in th,e ·Taxenomy of Educa-
tional Objectives, is of some value in planning tests, although 
classify:i,ng items.as measures of knowledge, application, original· 
problem solving, etc., is difficult and often impossible. 
Whether a given response represents rote; .recall; or reasoning 
depends upon how the pupil.has been taught, not solely on the. 
questions asked. 
The knotty problem of classification is further documented by, 
Gerberich (15). 
Lines of demarcation ~etween certain pairs of these outcomes 
and even among a series of several related. outcomes cannot be 
defined.precisely. Such factors as the maturity level and 
educational background of the .pupil, the degree of novelty in 
the item content, or in the material on which the item is 
based, the.specificity or complexity of the.item, and many. 
others combine to influence.the nature of the outcome tested. 
It is obvious that there are many variables ,in dealing with 
achievement test questions and a categorization .of these questions.by 
the thot1ght.processes involved in answering the questions. An investi-. 
gator should be alert to .the,se variables as an attempt is made to ex-
plore the effects of any one or several of these variables in a test 
situation. 
The Learning Set 
Directly related to the testing of th.e higher mental abilit:i,es is 
the .determination of the way in which .these abilities are utilize4 by 
the student in his educational environment. It is assumed that these 
cognitive .abilities present in varying degree are developed in different 
measure by the stimulus presented by the educational environment and 
26 
controlled by the.teacher in the 1classroom. 
Th~ concept of·learning sets deyeloped by Harlow (18) in his. 
studies of the.learning process a~e·the basis for examining the influ-
ential effects,of repeated learning processes and experiences on the 
cognitive process. Ausubel·(l) refers to a leEi,rning set as the ·current 
disposition .to perform in·a particular way. Th~s disposition reflects 
two .conditions: 1) the general m~thodological sophistication in ap-. 
proaching a given learning task or attEi,cking a given problem and 2) the 
performance·attitude as one begins the particular learning activity. 
The methodo.logical. sophistication thEi.t is involved; according to 
Ausubel, consists,of relatively stable cognitive acquisitions that are 
conc~rneq. with. the .way in which learning is done and is· derived froID. 
the.past experiences. This is assumed to.influence the actual content 
and direction of the .ongoing learning activity. 
The influence.that a learning set should·have·on.the cognitive 
process is ind:i,cated by, Witt]:'.ock (46). In his st.udies he .found that a 
learning set increases the probability of the occurrences of certain 
responses and decreases the probability of occurrences of other re-
sponses, usually through selecting directing, or organizing a part of 
the learning experience. 
A. Luchins and E; Luchins (26) investigated some of the effects of: 
set on improvement in problem solving. They suml1'arized their findings· 
by stating that set is increasetj, with, the .number of·set inducing prob-. 
I 
lems, stress, and th.e specific methods and procedures used to solve 
problems. Set reduction occurred with an.increase in the number of 
problems requiring direct solutions, mixing the problems solvable by 
a method with a.direct attack, addition of complex details to the 
problem, and discussion of the deleterious effect and nature of set 
with stude:nts. 
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Ausubel's assumptions are the basis for the following definitions -=:::., 
proposed by Lauren.ce and Lila Siegel. (36). They define a factually set.· 
learner as an individual predisposed to learn factual content, and a 
conceptually set lear.ner as an individual who rejects factual acquisi-
tion except as units .of·information are clustered and interrelated. 
Preference is given by the cqnceptually set learner to learning of con-:-
cepts and principles. The Educational Set Scale which the Siegels 
developed was.designed,to indicate·the degree to which an.individual 
was conceptually set,or factually set. 
Another study related to the se.t · concept is reported by Robert 
Heath (19). Results of the initial attempts to devefop an instrument 
called a Cqgnitive.PreferenceTest are reported. Th:i,s test is used. to 
indicate the student's preference for 1) memory,of specific facts.or. 
terms,. 2) pr.:1.ctical application, 3) critical questioning of information, · 
and 4) identification of a,fundamental principle. The .test was run on, 
a representative sample of students in the .Physical Science Study· 
Committee course and another representative sample of conventionally 
taught physics classes in secondary schools. Heath sununarizes: "The 
results .seem to·show at,least one of·the new.science curriculums (l>SSC) 
produces.observably different m~des,of dealing with the,subject matter." 
Summary 
Studies have been conducted that indicate the motivation effects 
of a test on the type of study activity students tend to pursue. This 
moti.vational eff.ect of· the test has been extended to includ~ the. 
selection of short term educational goals in a given course. Several 
differing goals involving educational objectives have been indicated 
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by still other studies. Though the~e is disagreement about the ,specific 
classificatic:,ns of test items in. terms of these goals, there is alma.st 
alwayE;J a.cbssification .that.separates recall from highE\t mental.proc'"'.' 
esses. Finally, the approach· that is made, to the learning sit\l,ation by·.· 
the individual is dicotomized by the utilization of the c9ncept of. 
learning set. Several studies related to this concept ·have·been pre-
sented. It is the.hope.of this·investigat0r that-this-study will 
clarify the effect that test motivation has in·th~ iden,tification and· 
direction of student goals. 
CHAPTER III 
METHOD AND DESIGN 
Introduction 
This study is an attempt to determine .the effect that test ques-
tions designed to utilize specific cognitive processes have on the stu-
dent's success in answering th~se questions. Secondly, this study 
attempts. to determine if the .student ccmsciously responds· to. this. type. 
of questioning by changing the direction and.emphasis of his study for 
a course. This chapter will present the environmental and control con-
ditions important to this study. 
Design of the Study 
Students in a beginning chemistry course were randomly assigned to 
one of two separate groups,· This randomization, it was assumed, con-
trolled for initial biases such as difference in intelligence, differ-
ences in test sophisticc:J.tion, etc., that might have a bearing on the 
study. Both groups were full participants in all aspects of the course. 
Differences in groups were due to trec:J.tment they received in the test-
ing program. Tests received by each of .the two groups required con-
sistently specific but differing cognitive abilities. One group rou-
tinely received questionsrequiring recall of facts while the second 
group received questions requiring understanding of similar facts, not· 
specifically recall of facts. Each group received tests covering the 
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same lectures and assigned materials at identical times. However, 
tests given.at-the same time differed only in the cognitive abilities 
they were inte1,1_ded to· ev0ke. 
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At . the conclus:i,on of the . course, a . final examination . (see Appe.n:-
dices) was given covering the course material consisting of two.sub-
tests. Th~, 11rubtests constituted. the whole of· the final examination and: 
consisted of randomly distributed-items involying knowledge and items 
involving understanding questions· in approximately equal· numbers •. Just· .. 
prior to the-final examination, a student s1;1.rveydesigned to assess the. 
direction of studytowa-rd these cognitive .abilities was administered. 
A measure to assess the,change·in.the factual or conceptual orientation 
of the.group called the Educational Set Scale was also administered at, 
the concl1;1.sion of the course. The mean.scores on the final examination 
subtests were cqmpared for differences as were the mean scores for the 
two groups on the .Educational. Set Scale. The responses of the tw.o 
groups,on.the student survey were also compared. 
A, pilot study was conducted in, the semester immediately prior to. 
the principal study. The same design .was utilized in the.pilot stuc;ly 
to-determine both the feasibility of the.study and provide for the de-
velopment of suitable test items in· conformity .with the study design . 
anc;l definitions. 
Setting of·the Study 
The· course chosen for this.study and from which the population of 
this·st1;1.dy was drawn is Chemistry 115 at O~lahoma State University. 
Chemistry.115 was the first of a sequence of two semester courses in 
introductory college chemistry. Five hours of.college credit was 
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earned when it,was successfully completed. It was·designed·to meet the 
needs of those students who had no previous·formal training in chemistry 
and·who·had an ACT·composite score below 17. Those students who plan-
ned to·specialize in·chemistry were not·included·in,this>course. 
The chemistry 115 course was conducted.with the following objec-
tives in minc;l: · 
1. The student will develop an understanding of the basic con-
cepts utilized in the .physical .. sciences. 
2 •· The student will develop an appreciation of. the organizing 
effect of chemistry concepts on experimental facts as applied 
in.inorganic chemistry. 
3. The student will develop an,understanding of the concepts of 
the atomic natu.re of matter and an. appreciation of· some· impli-
cations of the concepts. 
4. The student will develop an-understanding of the concepts,of 
chemical cha,nge, 
5. The student will demonstrate·an understanding of the.states 
of matter and their functions;. 
6. The student will .be able to recognize and classify.inorganic 
compounds. 
7. The student will develop a basic knowledge of some of the. 
practical applications of chemistry. 
8. The student will develop an appreciation of some.methods-of 
laboratory investigation •. 
9. The student will develop some basic skills of laboratory 
measurement in inorganic chemistry. 
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The achievement of these objectives was demonstrated by answers given. 
to·objective test questions.and laboratory instructor evaluation. 
Th~ content of the course consisted of selected topics designed 
to provide a basic foundation in the understanding of inorganic chem-
istry. The content included the topics of atomic theory, .periodic law, 
kinetic theory, nomenclature, stoichiometry.and gas laws. Some descrip-
tive chemistry involving o:i<:ygen, hydrogen.and the halogens was also 
included. 
The·organization of the course included three one-hour lectures, 
one three-hour lab, and a single one-hour recitation session per week 
for one semester •. The large enrollment and limited facilities required 
sectioning. There were four lecture sections with 21 laboratory and 
recitation sections in the fall semester; in the spring semester there 
were two lecture sections and eight laboratory and recitation sections. 
The responsibility of the lecture sessions was divided between the same 
two lecturers in be.th semesters. The responsibility of laboratory and 
recitation sessions was divided between seven graduate assistants during 
the fall semester and three of the seven graduate assistants in the 
spring semester. The investigator was one· of the graduate· assistan"ts 
in each of the.semesters. 
In the recitation sections graduateassistants conducted discus-
sion of·the subject matter developed in the .lecture sections, reviewed 
laboratory.investigations·and provided opportu11-ity for pract:i,ce in 
specific problems related to the course. They each constructed eight. 
separate.tests in th,e format of their choosing designed to evaluate 
learning that took place in the laboratory. The laboratory topics were 
related to topics developed in that week's lectures. 
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The testing program, .other than that conducted by the graduate 
laboratory assistants in recitation sections, consiste4 of the follow-
ing groups of.tests: 
Fiye quizzes: Th~se w~re unannounced tests that cqvered·subjec~ 
matter recently d~veloped-in lectures. They were timed so·they-were 
rather evenly spaced.in the semester. They-each provided ten points 
toward the ; total points for· the course •. - The quizzes· wel;"e given during 
the.lecture period. 
Three minimum attainment tests: These tests were basecl on subject· 
matter.outlined:in a study,guide spec:.ifically provided for the test •. 
The tests,each.provided a possible 25 points and were.also given during 
th.e lecture period. 
Two one-hour tests: These tests consisted of questions on lecture 
and study material assign~d and discussed in,the course prior to;the 
test. They.were given, to all·sections·at.a specialJ,y designated.time. 
and in one. location.. The . tests each provided 60 points toward a_ final 
point total.. 
One tw:o-hour firi.al examination: This test sampled material of the. 
entire course and was·given in one.plac~ and time to all sections.· It 
provided.a maximum.of 100 points toward a final total. 
The~e tests constituted a maximum of 345 of the .total 415 points 
possible in the course. The other points.:were accumulated through 
laboratory.recitation tests·and-laboratory.assistant subjective evalu-
ation. The tests·that were a major part of this st;udy.were.the five 
quizzes, t~e-three minimum attainment tests, the two one-hour.tests, 
and tl;J.e one two-:-hour final examination.· 
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Implementation .of the Study 
The populations.in·both·the pilot and principal study included 
only those students.enrolled in and completing Chemistry.115 by taking 
the.final e~amination. The population for the pilot study conducted in 
the fall semester included only ·those students in the first. of the four 
sectio11,s. The population for the principal study consisted of all stu-
dents enrolled in Chemistry 115 for the spring semester and who com-
pleted the.course by taking the final examination. The assignment of· 
students to:one of the.two experimental groups was accomplished in·the 
following way for both .the pilot and principal. study. Students were 
placed into the lecture sections in the.order in which they enrolled. 
They were then assigned seats row by row in the .lecture section by sex 
and alphabeticc:J.l order of their last naD,1es. Then.the students were 
placed into one or the other experimental group in alternating fashion 
according to the column of the seats they occupied. These seats.were 
permanently assigned for all lectures and tests, 
An analysis of the population .as assigned to each of the experi-
mental·groups according to class and college is presented in Tables 
I through III. They can.be considered representative of the total.en-
rollment in Chemistr:y 115 and.they.indicate .that the procedure for 
selection is sufficiently random. A comparison of the same tables in-
dicates that the populations of the pilot study and principal;study did· 
not differ substantially from one another in terms of class, There 
does·appear to·be.a difference in the .distribution by colleges in the 
pilot and principal study, The·colleges·that had a.somewhat·different: 
representation in the two st.udies were Agriculture, Arts and Sciences, 
and Education. 
TABLE,I 
PILOT STUDY: POPULATION DI$'.l'RIBUTION BY CLASS AND COLLE_GE 
College Freshman- Sophomore Junior. Se~ior Sub-total 
Knowledge Group 
Agric~lture· 16 6 - - 22 (35.5%) 
Arts ·and Sciences 6 3 1 1 11 . (17.7%) 
Business 2 - - - 2 ( 3.2%) 
Education - 2 -- - 2 ( 3.2%) 
Engineering 6 1 - - 7- (11.3%) 
Home Econorp.ics . 9 6 2 - 17 . (27.4%) 
Tecqnical Instit~te - - 1- - 1 ( 1.6%) 
Unclassified - - - - - (. 0 .0%) 
Sub-totql · 38 (62.9%) 18 (29.0%) 4 (6.5%) 1 (1.6%) 62 (100.0%) 
Under_standing Group 
Agriculture 13 6 2 - 21 (28.4%) 
Arts and .· ScieJ;1ces . 9 6 1 - 16 (21.6%) 
Business - - - - 0 ( 0.0%) 
Educaticm - 1 - - 1 ( _ 1.4%) 
Engineering 11 - - - 11 (14.9%) 
Home·Economics 7 10 5 - 22 (29.7%) 
Technical Instit~te 1 1 - - 2 ( 2.7%) 
Unclass if ie,d - - - 1 1 ( 1.4%) 
Sub-:,tot~l · 41 (55.4%) 24 (32.4%) 8 (10.8%) 1 (1.4%) 74 (100 .0%) 
. /', 
l,.) 
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TABLE II 
PRINCIPAL STUDY: POPULATION DISTRIBUTION BY CLASS AND COLLEGE 
College Freshman Sophomore Junior Senior Sub-total 
Knowledge Group 
Agriculture 9 6 2· - 17 (15. 7%) 
Arts and Scienc.es 14 10 3 3 30 (27.8%) 
Business 5 2 - - 7 ( 6 .5%) 
Education 11 1 - - 12 (11.1%) 
Engineering 11 1 - 1 13 (12.0%) 
Home Economics 14 9 1 1 25 (23.2%) 
Technical Inst;itute 2 - - - 2 ( 1. 9%) 
Unclassified 2 
- - - 2 ( 1. 9%) 
Sub-total· 68 (63.0%) 29 (26.9%) 6 (5.6%) 5· (4.6%) 108 (100.0%) 
Underst~nding Group 
Agriculture 17 5 3 - 25 (27.8%) 
Arts and Sciences 8 9 4 - 21 (23.3%) 
Business 2 - - - 2 ( 2.2%) 
Education 4 3 - - 7 ( 7.8%) 
Engineering 9 - - 1 10 (11.1%) 
Home Economics . 9 6 3 - 18 (20.0%) 
Technical Institute 4 1 - 1 6 ( 6.7%) 
Unclassified 1 - - - 1 ( 1.1%) 
Sub-total· 54 (60.0%) 24 (26.7%) 10 (11.1%) 2 (2.2%) 90 (100.0%) 
w 
O', 
By Class 
Pilot Study 
Freshmen 
Sophomore 
Junior 
Senior 
Principal Study 
Freshman 
Sophomore 
Junior 
Senior 
TABLE III 
POPULATION DISTRIBUTION FOR COMBINED GROUPS OF PILOT AND PRINCIPAL STUDIES 
Total 
80 
42 
12 
2 
122 
53 
16 
7 
Percent;age 
58.8 
30.9 
8.8 
1.5 
61.6 
26.8 
8.1 
3.5 
By.College 
Agriculture 
Arts and Sciences 
Business 
Education 
Engineering 
Home Economics 
Technical Institute 
Unclassified 
Agriculture 
Arts and Sciences 
Business. 
Education 
Engineering 
Home Economics 
Technical Institute 
Unclassifi~d 
Total 
43 
27 
2 
3 
18 
39 
3 
1 
-
136 
42 
51 
9 
19 
23 
43 
8 
3 
198 
Percentage 
31.6 
19.9 
1.5 
2.2 
13.2 
28.7 
2.2 
0.7 
21.2 
25.8 
4.6 
9.6 
11.6 
21. 7 
4.0 
1.5 
U,) 
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Course tests pertinent to this study were the quizzes, minimum 
attainment tests, hour exams and the final examination. All of the 
items in these tests were of the objective, five-response; multiple 
choice form in which one answer was considered correct. The final 
score on each test included a penalty for incorrect responses~ The 
tests of the pilot study-were graded by the investigator and returned 
in.the lecture period about one week after the ,test was given. In the 
principal study.the tests were graded by the graduate-instructors.and 
discussed by them in the recitation sections. The returned tests.in 
the pilot and principle studies had both the score.and all correct 
answers indicated. Discussion of·the test questions was usually .con-
ducted in.the recitatioQ. section. Students were allowed to keep all 
tests except the final examination in the.pilot study. 
Test questions were developed by the invest:;igator iu a tw9 dimen-
sional grid. One dimension of the grid included the concepts and ideas 
to be tested. The second dimension included the classification of the 
question into a knowledge question or an understanding question. An 
understanding question and a knowledge question were constructed for 
each concept in as many of the areas tested as practical. Parallel 
questions.in the two experimental groups was not considered·as·absolute 
necessity. 
Records were kept of the topics and examples used. in lectures or 
studied by.students in assignments. These topics and examples were 
used in-knowledge questions. Specific examples not.used in the lec-
tures and assignments but which .could have been used as illustrative 
material for the concepts became the raw material for understanding 
questions. Also included in the understanding questions·were those 
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questions that required the utilization of several concepts or facts 
in order to arrive at the correct conclusion. The workability of the 
constructed questions was.assessed by item analysis for difficulty and 
discrimination.· The test papers were ranked in each group, and the 
upper and lower·. 27% of the .papers were used in the analysis. Questions 
that were answered correctly by less than 15% of those tested in the 
pilot study were not-considered for use·in.the principal study. The 
category of the questions used in the principal study was verified by 
a panel of judges. 
The return o~ the.tests with correct answers to the.students, 
created s0me difficulties in developing test q1,1estions. Novelty ,was 
an essential ingredient of the understanding type question. Since,tests 
were freely circul.ated from one semester.to another, questions that 
were novel to the student-in the pilot study were no longer likely to 
be novel to the students in the principal stuc;ly. Therefore, new-varia-
tions or new illustrations were usec;l as source material for questions 
in the principal study. Only in the ·final examination was this problem 
alleviated by collecting .test booklets from the students along.with 
their answer sheets. In.the pilot study these booklets were not re-
turned. 
The student survey was an investigator developed survey designed 
to provide ,an indication of how the student responded to the test ques-
tions in his.experimental group. The·questions·included an.assessment 
of .his per~eption of the objectives of•the test questions; ,of the 
origins ,of materials used in test questions, of the type of study con.,-
sidered essential to the preparation for the test, .and a.perception of 
the relative difficulty of .. the tests. The survey. used. in· the pilot 
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study included questions that were fo1:1nd to provide little support to 
this study. These questions were not used in the principal study sur.,. 
vey. 
The Educational Set Scale (36) was utilized in the principal study 
as externally independent evidence for the bias that may develop as a 
result of the treatment. It was hoped that. the cognitive style favor-
ing a conceptual set would result in the understanding group and a 
factual set would result in the knowledge group. 
Laurence and Lila Siegel developed the Educational Set Scale to 
provide a forced choice, .objectively scored group inventory to assess 
educational set. Their work in this regard was reviewed in chapter 
two .of this study .. Reliability for the test was reported as 0.94 by 
the split test method. Correlation between test and retest was 0.92. 
They also reported the function measured by the Educatiohal Set Scale 
to be relatively independent of cognitive functions assessed by the 
American College Testing Program (ACT) composite score and some of the 
Guilford creativity tests. 
Since the time available for the test was limited, only a portion 
of the Educational Set Scale was used. This included the Natural Sci-
ence, Business, Economics .and Social Science.sections. The choice of 
the sections to be used was determined.by randomselection. 
Statistical techniques that were used in this study include the 
t-test to determine significance between mean scores oh the final ex-
amination subtests and the Educational Set Scale. Reliability of the 
subtests was.also determined. The Chi-square test was U$ed to test for 
significant differences in answering the.Student Survey. 
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Summary 
This chapter has presented a brief description of the population 
and sample used in this stucly. It has!. included the design of the study 
and. the m~thods by which the study was implemented. A brief descrip-
tion of.the course that was intimately connected with this study was 
also included. It was noted that the study was limited by interaction 
between the.sample involved in the pilot study and the population of 
the principal study. The external instrumentation used in the study 
was reviewed. The hypotheses of this study were tested utilizing the 
design presented .in this chapter, 
CHAPTER IV 
PRESENTATION AND ANALYSIS OF THE DATA 
Introduction 
The primary purpose,of this,study was to determine if test exposure 
to specifically designed test questions would produce,a measurable 
change in the,, ability of students to answer test questions designed , to 
assess knowledge as opposed to test questions designed to assess under-,-
standing of chemistry concepts. A secondary purpose of this study was-
to determine if the,student perceived the objectives of the specific, 
testing and attempted to alter.his study.techniques,and approach to 
course material to meet the unitary test objective. This chapter will 
present the. statistical.tests and subsequent analysis of the data from 
the pilot and the principal study., Homogeneity of groups, reliability 
of the.subtests for knowledge and for understanding, and the hypotheses-,-
principal and secondary--are statistically .tested. 
Statistical Techniqueey 
Parametric statistics were used to test the principal hypotheses 
of this study. An F-test (44) was.used to check the homogeneity of the 
variance of the knowledge.and understanding groups as they were repre-
sented by the sco];'es on each subtest of the final examination., An.F-· 
test was also used on the scores of the Educational.Set, Scale. The 
t~test for pooled variance was used to determine if-there was a 
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significant·difference in the groups' subtest mean scores both on the 
final e~amination and on the Educational Set Scale. 
The·reliability of the test scores on.each subtest of the final 
examination was determined, by means of the Kuder-Richardson method of 
rational equivalence.(14). This method attempts to estimate the reli..,. 
. . 
ability of a test by stressing the .intercorrelations'of the items in 
the test and.the correlations of the itema with the.entire test. 
Nonparamel;:ric·statistics we:i:-e used to analyze the respon$eS to the 
student survey. Chi-square:analysis .(37) was used to test: for signifi-
cance of group. responses related. to the. secondary hypotheses. Cells of 
the contingency.tables that have expected frequencies of less than five 
were combined when they constituted 20 per cent or more of the table. 
Findings of the.P;ilot Study· 
There were 136 students included in. the pilot study.· Of .these 
students 62 were in the,knowledge group and 74 were in the.understand-
ing group. An F-test on the variance of scores on the knowledge subtest 
for the.two experimental groups was 1.07. The F-test for the .under-
standing subtest was .1.19. Since·si~nificance at the 0.02 level of con-
fidence requires the.F-value to be at least·l.79, it was,concluded that 
there was no i;;ignificant·difference.in·the variance of the groups.for 
both subtests. 
An analysis of,the data using the pooled variance t-test gave a 
t-value of 0.20 for the two experimental groups on·the knowledge sub-
te$t. The t-value for the two groups.on the understanding subtest was. 
1.60. The .L60 value is significant at about the 0.10 level. Such.a 
result w~s considered encouraging. 
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The student survey items that were significant are summarized 
briefly. Item 2. "The test questions.on·the test you took.were direct--
ly taken from the study guide." The·chi-square·analysis·of the re:-· 
sponses to this stem gave a value of.9.09. The,group receiving under-
standing ,q1,1estions responded most·frequently.to "almost never" and "a. 
few times". 
Item .. 7 •. "The answers to test questions depended only on. the under-,. 
standing of ch.emical ideas~" Tl;!.e chi-,.square analysis of the student 
responses to this.stem had a.value of 9.84 •. The knowledge group re-. 
sponded most frequently to "sometimes" while the·understanding group. 
responded most frequently to "most·often". 
Item 19. "How·did the .difficulty of your test compare with the· 
other form test?'.' The chi-square value of 27 .8 resulted from the .anal-
ysis of student·responses to this stem. Of .the two groups the knowledge. 
group responded most·frequently.to "about.the same" or "easier" while 
tb,e ·understanding group. responded to "much harder''. 
Because of the .favorable results of·th~ subtest scores and the. 
several si,gnificant items on the .student survey, it.was decided to con-
·,· 
tinue with the.~rincipal study with~ larger group of students. To 
.. 
strengthen the .study, the Educational· Set Scale was·. added for the pur-,. 
pose of determi~ing if the approach of the groups to the study of any 
subject incl1,1ding chemistry was significantly different •. 
Findings of·. the Principal·· Study 
The principal study.was conducted during the second semester of 
the.academic,year,.1966-67. It included all students enrolled in.Chem-
istry 115. The two.sections.were taught by.two different instructors---
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Dr. Johnston and Mr. Breeqlove. Even though their approaches to topics 
and students differed, they introduced the same topics to both sections. 
The Educational Set Scale and the student survey were conducted in the 
last two lecture hours before the final examination respectively. The· 
final examination was composed of subtest questions on knowledge and 
understanding of chemistry. They were randomly arranged to make up the 
final examination. Thus the student was not able to identify the type 
of question by means of its location in the test booklet. Reliability 
coefficients for the knowledge and the understanding subtests were 0.83 
and 0.80 respectively, 
Both experimental groups were considered homogeneous with respect 
to the variance of their test scores. The F-test gave an F-value of 
1.23 for the knowledge subtest. The F-value on the understanding sub· 
test was 1.50. An F-value .of 1.54 for 89 and 107 degrees of freedom is 
significant at the 0,02 level of confidence, The variance of the two 
groups was considered homogeneous. 
The t-test was used to test for significance at the level set in 
the major hypotheses. Hypothesis. 1: There is no difference (at the 
·.........,._--~-
0.05 level of confidence) in the mean scores on questions designed to 
assess understanding of chemistry by groups receiving knowledge type 
questions and the groups receiving understanding type questions. The 
t-value .obtained (TABLE IV) for the understanding subtest was 0,349. 
The t-value at the previously set level of confidence should be equal 
to or greater than 1.98. It was concluded that there is no significant 
difference in the .scores by the two groups on the subtest designed to· 
assess understanding. 
TABLE IV 
t-TEST OF SIGNIFICANT DIFFERENCE IN SCORES ON-QUESTIONS 
DESIGNED TO ASSESS UNDERSTANDING OF CHEMISTRY 
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Group Number_ 
N 
Mean 
x 
Sum of squared 
deviations 
rx2 
Knowledge 108 14.694 2714.917 
Understanding 90 14. 722 3398.056 
t = 0.349 
Hypothesis-2: There is no difference (at the 0.05 level-of con-
fidence) in the mean scores. on questions -- designed to -assess knowledge 
of chemistry_by groups receiving knowledge type questions and·groups, 
receiving understanding type questiQns. _ The t~value obtained (TABLE V) 
for the knowledge subtest.for the two experimental groups was 0.475. 
Since this ·t-value is below the value needed for the previously set. 
level of confidence it was concluded that there is no significant dif-
ference-in the mean scores of the two groups on the knowledge subtest. 
Hypothesis.3: There is no difference (at the 0.05 level of cQn-
fidence) in the.student emphasis on studying and memorizing facts by 
the groups receiving knowledge type questions and the groups receiving 
understanding type questions. Items 4; 9 and 13 were used on the stu-
dent survey to detect differences in the two groups as stated in.this 
hypothesis. 
The chi-square,analysis,of student response to the survey question 
4, "The test questions-on the tests you took.required only that you 
remember some memorized facts,'' resulted in a chi-square .value of 12_, 8. 
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(TABLE VI). The understanding group responded more often to "almost 
never'' and "a few times'' while the knowledge group responded with great-· 
er frequency to "often" and "almost always". The probability of this 
chi-square value is less than 0.01 •. 
TABLE V 
t--TEST OF SIGNIFICANT DIFFERENCE IN SCORES ON QUESTIONS· 
DESIGNED TO ASSESS KNOWLEDGE OF CHEMISTRY 
Group 
Knowledge 
Understanding 
Number 
N 
108 
90 
t = 0.475 
Mean 
x 
17.593 
17.200 
Suin of squared 
deviations 
t:x2 
3252.074 
3332.400 
The chi-square analysis of the student response to the survey 
question number 9, "This course was a challenge to your memorizing 
ability," resulted in a chi-square· value of 10. 73 (TABLE VU). The·· 
understanding group had the.greater response frequency to "almost never" 
and "a few times" while the knowledge group had a higher response fre-:-
quency to the. "ofte;n" and "almost always'' categories. The probability 
of this chi-square value is less than 0.05. 
Chi-square analysis of the survey question number.13, "in studying 
for the tests, how much time was spent in memorizing facts?". resulted. 
in a value of 11. 28. (TABLE VUI). The understanding group responded 
,· 
"~ 
Gtoup 
TABLE VI 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE QUESTION, "THE TEST QUESTIQ_NS ON THE TEST 
YOU TOOK REQUIRED ONLY THAT YOU REMEM'.BER SOME MEMORIZED FACTS" 
Response 
Almost 
riev.er 
A few 
times· Sometimes Often 
Almost 
always 
Combined .Categories 
Understanding 18 26 23 8 
Knowledge 
Totals 
7 22 32 
25 48 55 
Chi-square= 12.8 with 3 degrees of freedom. 
Probability less than 0.01. 
22 
30 
Totals 
83 
75 
158 
~ 
CXl 
TABLE VII 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE QUESTION, "THIS COURSE WAS A 
CHALLENGE TO YOUR MEMORIZING ABILITY" 
Response 
Group 
Understanding 
Knowledge· 
Totals 
Almost A few 
never times Sometimes 
8 13 23 
1 9 23 
9 22 46 
Chi-square= 10.73 with 4 degrees 
Probability less than 0.05. 
Almost 
Often always 
21 10 
30 20 
51 30 
of freedom. 
Totals 
75 
83 
158 
.i:,-
\0 
Group 
--
TABLE VIII 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE QUESTION, "IN STUDYING FOR THE TESTS, 
HOWMUCR TIME WAS SPENT IN MEMORIZING FACTS" 
Response· Very 
little Less than About More than Most of 
tim~ ~ time ~ time ~ time the time 
Understanq.ing 11 23 23 10 8 
Knowledge 
Totals 
3 19 38 
14 42. 61 
Chi-square = 11. 28 with 4 degrees 
Probability less than 0.05 .. 
18 5 
28 13 
of freedom .. 
Totals 
75 
83 
158 
u, 
0 
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with greater frequency to the "very little time" a~d "less than~ time" 
statements. The knowledge group, on the other hand, responded with 
greater frequency to the."about ~ time" and "more than~ time"·categor-
ies. 
Since all three questions on the student survey pertaining to 
hypothesis 3 had a probability of less than 0.05, it was concluded that 
there is a difference in the student emphasis on studying and memoriz-. 
ing facts.by groups receiving knowledge type questions and groups re-
ceiving understanding questions. Hypothesis 3 is rejected. 
Hypothesis 4: There is no difference (at the 0.05 level of con-
fidence) in the.student emphasis on the study of the interrelation of 
facts and thinking relating basic concepts of chemistry by the groups 
receiving knowledge type questions and the groups receiving understand-
ing type questions. Items 5, 6, 8 and 14 on the student survey were 
used to detect differences.related to this hypothesis. 
Analysis of the response to question 5 on the student survey, 
"Thinking about facts studied was important in answering test questions;' 
give a chi-square value of 7.57 (TABLE IX). The frequency of the re-
sponse was greater for the understanding group to the "almost always" 
response, The response frequency was greater for the knowledge group 
to the combined categories characteri?ed by "a few times''. The chi-
square value is significant at the 0.05 level of confidence, 
Student responses to items 6, 8 and 14 were not significant at the 
0.05 level of confidence. Chi-square analysis for item.6, "Two or more. 
chemical.ideas were needed to answer each question." has a·value of 
3.13 (TABLE X).· Item 8, "This chemistry course was a.challenge to your 
thinking ability," had a value of 5.69 (TABLE XI), and item.14, "In 
TABLE IX 
CHI""."SQUARE ANALYSIS OF STUDENT RESPONSE·TO THE STATEMENT, "THINKING ABOUT FACTS 
STUDIED WAS .IMPORTANT IN ANSWERING TEST QUES!IONS" 
Response 
Group 
Understanding 
Knowledge 
Totals 
Almost 
never 
A few 
times Sometimes Often 
Combined Categories 
5 
13 
18 
Chi-square= 7~57 with 2 degrees of freedom. 
Probability less than 0.05. 
c-n 
20 
32 
52 
Almost 
always 
50 
38 
88 
Totals 
75 
83 
158 
\Jl 
N 
TABLE X 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE STATEMENT, "TWO OR MORE CHEMICAL· 
IDEAS WERE NEEDED TO.ANSWER EACH QUESTION" 
Response 
Almost ne A few Almost 
Group never times Sometimes Often always 
Combined Categories 
Understancling 10 24 28 13 
Knowledge 10 32 34 7 
Totals 20 56 62 20 
Chi-square= 3.13 with 3 degrees of freedom. 
Probability less tha:Q. 0.50. 
Totals· 
75 
83 
158 
V1 
w 
TABLE XI 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE STATEMENT, "THIS CHEMISTRY COURSE 
WAS A CHALLENGE TO YOUR THINKING ABILITY" 
Response 
Almost· A few Almost 
Group. never times Sometimes Often always· 
Combined Categories 
Understanding 3 7 24 41 
Knowledge 9 14. 26 34 
Totals 12 21 50 75 
Chi-square= 5.69 with 3 degrees of freeqom. 
Probability less than 0.20. 
Totals 
75 
83 
158 
u, 
.(::-
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studying for the tests; how much time was spent in trying to understand 
ideas and relations of facts to one another?" had a value of 4.30. 
(TABLE XII) • 
Hypothesis 4 is not rejec~ed at the.0.05 level of confidence, 
since only one·of the four questions produced.results that were signif-
icant. 
Hypothesis 5: . There is no difference ·(at thE! 0 .05 level of con-
fidence) in the student perception on.the diffiGulty of the tests by 
the groups receiving knowledge 0 type questions and the groups receiving 
understanding type questions. Items 7 and 16 in the student survey 
were related to this hypothesis. 
The obtained chi-:-square value for item 7, "The test questions on. 
your form were difficult to understand," was 22.28 (TABLE XIII). This 
value is s~gnificant at a confidence level of less than 0.001. The re-
sponse frequency was greater for the understanding group in the.categor-
ies charac;:terized. by "often''. The· knowledge· group responded with 
greater frequency to "almost·never". 
The obtained chi-square value for item 16, "How did-the difficulty 
of your tests compare with the other form tests?" was 107.22 (TABLE 
XIV). This value is also significant at less than the 0.001 level.of 
confidence. The understanding group responded with greater frequency 
to the "much harder'.' category. 
From the computed significance it was concluded that there.is a 
differ:ence in the-student perception of the.difficulty of .the two tests 
and thus-hypothesis 5 is rejected. 
Hypothesis,6: · There is no difference (at ,the 0.05 level of con-· 
fidence) in.student perception of the innnediate squrce of material from 
Group 
TABLE XII 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE QUESTION, "IN STUDYING FOR THE TESTS, 
HOW MUCH TIME WAS SPENT IN TRYING TO UNDERSTAND IDEAS AND RELATIONS 
OF.FACTS TO ONE ANOTHER" 
Response Very 
little 
time 
Less than 
~ time 
Combined Categories 
About 
~ time 
More than 
~ time 
Most of 
the time. 
Understar:i.ding 14 20 23 18 
Knowledge 
Totals 
19 32 
33 52 
Chi-square= 4.30 with 3 degrees of freedom. 
Probability less than 0.30. 
17 15 
40 33 
Totals 
75 
83 
158 
u, 
a, 
TABLE XIII 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE STATEMENT, ."THE TEST QUESTIONS· 
ON YOUR FORM WERE DIFFICULT TO UNDERSTAND" 
Response 
Group 
Understanding 
Knowledge 
Totals 
Almost A few 
never times Sometimes 
5 12 31 
22 24 24 
27 36 SS 
Chi-square= 22.28 with 4 degrees 
Probability less than O. 001. 
Almost 
Often always 
19 8 
12 1. 
31 9 
of freedom. 
Totals 
75 
83 
158 
V1 
....... 
Group 
TABLE XIV 
CHI-SQUARE ANALYSIS OF·STUDENT RESPONSE TO THE QUESTION, "HOW DID THE DIFFICULTY OF YOUR 
TESTS COMPARE WITH THE OTHER FORM TESTS'' 
Response 
Much 
easier 
Usually 
easier 
About the 
same 
difficulty 
Combined Categories 
Much 
harder 
No 
opinion 
Understanding 5 61 9 
Knowledge 
Totals 
68 3 
73 64 
Chi-square= 107.22 with 2 degrees of freedom. 
Probability less than 0.001. 
12 
2L 
Totals 
75 
83 
158 
V'I 
00 
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which the questions for each test were drawn as perceived by groups re-
ceiving knowledge type questions and the groups receiving understanding 
type questions. Items 1, 2, 3 and ,12 on the student survey were related 
to this hypothesis. 
The obtained chi-square value for item 1, "Material for test ques-. 
tions on the test you took were directly taken from assignments in the 
textbook," was lQ.52 (TABLE XV). This value is significant at less 
than the 0.02 level of confidence. The understanding group responded 
with greater frequency to the "almost never" and "a few times" cate-
gories. 
None of the other .three items had a·chi-square value significant. 
at the 0.05 level of ,confidence. The obtained chi-square value for 
item 2, "Material for test questions on the tests you took were directly 
taken from the study guides;" was 1.99 (TABLE XVI). The chi-square. 
value for item 3, "Material for test questions on the test you took 
were directly taken from the lectures," was 2.64 (TABLE XVII), and for 
item 12, "The chemical· substances,. and reactions. used in the test ques-
tions were the same as those studied ,in preparing for the test," the 
value was 6.62 (TABLE XVIII). 
It was concluded that there was no significant difference in the 
student perception of the immediate source of materials.from.which the 
questions for each.test were drawn. Hypothesis 6 is·confirmed. 
Other.items on the student survey do not·pertain directly to the· 
hypotheses of this study. Analysis of responses to these remaining 
questions.may be found·in.the Appendix. 
The Educational Set Scale was used in the principal study as an 
independent instrument. to evaluate tqe concept or factual orientation 
Group 
TABLE XV 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE STATEMENT, ''MATERIAL FOR TEST QUESTIONS 
ON THE TEST YOU TOOK WERE DIRECTLY TAKE.N FROM ASSIGNMENTS IN THE TEXTBOOK" 
Response. 
Almost .. A few Almost 
never times Sometimes· Often always 
Combine4 Categories 
Understanding 14 18 27 16 
Knowledge 3 21 31 28 
Tot~ls 17 39 58 44 
Chi-square = 10 .52 with thre~ degrees of freedom. · 
Probability less than 0.02. 
Totals 
75 
83 
158 
°' 0 
Group. 
TABLE X\TI 
CHI-SQUARE ANALYSIS OF STUDENT RESPONSE TO THE STATEMENT, ''MATERIAL FOR TEST QUESTIONS 
ON THE TESTS YOU TOOK WERE DIRECTLY TAKEN FROM THE STUDY GUIDES" 
Response 
Almost A few Almost 
never times So.me times Often, always 
Combined Categories 
Understanding 9 24 27 15 
Knowledge 9 19 34 21 
·Totals· 18 43 61 36 
Chi-square= 1.99 .with three degrees of freedom. 
Probability less than O. 70. 
Totals 
75 
83 
158 
°' I-' 
Group 
TABLE XVII 
CHI-SQUARE. ANALYSIS OF STUDENT RESPONSE TO THE STATEMENT, "MATERIAL FOR TEST QUESTIONS 
ON THE TEST YOU TOOK WERE DIRECTLY TAKEN FROM THE LECTURES" 
Response 
Almost. A few Almost 
never times Sometimes Often always 
Combined Categories 
Understanding 5 32 27 11 
Knowledge 5 28 30 20 
Totals 10 60 57 31 
Chi-square= 2.64 with three degrees of freedom. 
Probability of less than a.so. 
Totals 
75 
83 
158 
0-, 
N 
Group. 
TABLE XVIII 
CHI""'.SQUARE ANALYSIS OF STUDENT RESPONSE TO THE STATEMENT, "THE CHEMICAL SUBSTANCES AND 
REACTIONS USED IN THE TEST QUESTIONS WERE THE SAME AS THOSE STUDIED 
IN PREPARING FOR THE TEST" 
Response· 
Almost· A few Almost 
never times· Sometimes Often always 
Understanding 6 12 36 16 5 
Knowledge 
Totals 
3 11 30 
9 23 66 
Chi-square= 6.62 with four degrees 
Probability of less than 0.20. 
30 9 
46 14 
of freedom. 
Totals 
75 
83 
158 
"' (.,.) 
64 -
of the subjects in this st;udy. The scoring of thb instrument, as. 
originally designed, ranges from minus:values for factual.orientation 
to .zero for neutral .orientat:i,on and then to positive .values for concept .. 
orientat:f,.on •. The g:i;eater the absqlute value of the score, the highe.r· 
is.the degree of set orientation.· 
In this.study all.scores on.this .instrume]J.t (ESS) were increased. 
by·adding ten pointe; to tqe.raw score·of each subject, so that the t-
test could,be·used~ In this modified scale neutral orientation is· 
represented by a.score of ten; factual orientation by a.score less than 
ten.and concept orientation by a.score greater than.ten. The t-test 
was .used to determine if there were significant differences.at the 0.05 
level· of .confidence -in the scores of the knowledge groups and.· under-· 
standing groups·on·the Educational.Set Scale, 
An F-test.on the variance of the·scores.to•the two groups resulted 
in an-F of L081 which is not:significarl.t at the.0.05 level of confi-i-
dence; The scores .represen; a-holllogeneous group. Table.XIX reveals· 
that·· the. mean scores of the. two g:i;oups could be considered only slight~y 
concept oriented. The t-value; .,for the difference· in. the means. for the· 
knowledge and the understanding groups.are·not,significant at the 0.05. 
level of confidence •. 
Summary· 
Chapter. IV ha,s · presented a. detailed .account of the .statistical 
analysis of the,data pertaining to this.study.· The find;i.ngs were ap-
plieq. to determine ,the c:i;-editabilHy,ofthe stated hypotheses in t4e· 
study. 
The t"'.'test was .. used. to· determine if signifiGant differenG,es at the 
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predetermined levels of confidence existed.between.the knowledge groups 
and the.understanding groups on the final examination subtests and the 
Educational Set· Scale. Chi-sqmi.re · anal ye is was·. used· to. determine if 
significant·differ~nces existed.in·responses to the student survey.· 
Application of the analysis· resulted in the rejection of two null hy- .· 
potheses :pertaining to. the studen.t · sui::vey. The two major hypotheses 
an4 two.other hypotheses related·to the student survey were not re-
jected. 
Group 
TABLE ·XIX 
t-TEST OF SIGNIFICANT DIFFE:RENCE-IN SCORES ON.THE 
EDUCATIONAL SET SCALE 
Number 
N 
Mean 
x 
Sum of·squared 
deviations 
rx2 
Understanding 90 12.00 8702.00 
Knowledge· 108 11.91 9677 .07 
t 0.042 
CHAPTER V 
SUMMARY, CONCLUSIONS_, AND RECOMMENDATIONS· 
Summary 
The purpose of this st;udy -.was t9 measure changes in student .per-
formance i that. resulted .from conti.nued exposure to specific test objec~ 
tives involving knowledge.of chemistry and understanding of chemistry. 
Students were e~posed to._· two types :Cf tests •. One test type required a .. 
demonstratioQ. of recall of course. content and di_rect application .of 
learned facts·in_Chemistry 115. The-other test type req1;1ired a demon-. 
stration of ungerstanding of the.content of the chemistry course. 
A secondary and supporting objective ,of this. study was· to deter-
mine -if the student consciously altered .his study. techniques· and ap- .· 
proach·to the cqurse. mat~rials-as.a result of the continued e:icposure to 
these specific testing objecti~es. 
For the purpose of establishing the feasibility of this study a 
pilot study was ._conducted in the. fall· sell).ester of the 1966..;,6 7 school 
year. The subjects,of the study consisted of one.section of the,four, 
'sections taking the chemistry course ,in the. fall. The· principal· study 
consisted.of·all students taking Chemistry.115 (two sections) in the 
spring of the same academic.year. 
The ·.design of. the study was similar for both pilot and principal• 
studies_. The subjects of tl;le study were randomly placed int~ two -·~~-
groups •. One_group was given knowledge·type.questions throughout the, 
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semester; the .other group was given understanding type questions. Prior 
to .. the final'. examination a, student survey was. conducted to assess stu-:-
dent perception of test; objectives and·to determine the.student approach 
to study material for the. tests. · The· final· examina.tion was ,investi-. 
gator constructed.and consisted.of·test questions of both knowledgeand 
of understanc).ing. The two subte1?ts, .one composed of knowledge questions. 
and the ·other of understanding questions were scrambled .in·the final 
examina.tiori.. The performances of each experimental group were compared 
for.each subtest of the.final examination. The responses to the stu~ 
dent survey by the two groups were also. compared. The Educational. Set 
Sca+e ·was·. also used· in .. the principal, study to provide an external. meas-
ure pf the conceptual or factual.bias of the two groups. With the-ex-
ception.of·the test que~tions·used·during this study, the chemistry 
classes were conducted in,the normal lecture~rec:i,tation-laboratory 
routine of college teaching. 
Reliability coe.fficients; Chi-square and t-tests for significance 
were used to analyze.the resulting data. The.null.hypotheses were·then 
confirmed or rejected· on the basis of this analysis. 
The ins~ruments,that constituted the treatments.as well as .the 
final.test instrument wer:e all investigator constructed. The,Educa-
tional Set Scale was.the only e:x;terri.al instrument used. 
Conclusions 
Factor analysis of educational·obj,ectives suggests.a hierarchy of 
cognitive ,powers. This hierarchy begins with cognitive ·powers.basic to 
recall. Higher.cognitive powers are·involved in.application and·prob-
lem solving. The·knowledge·typequestions of this study may be 
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correlated with recall while the understanding type questions with some 
of the higher cognitive powers in the .hierarchal order. When applied 
to this study, the hierarchy would suggest that there should be a sig~ 
nificant difference in the.mean scores of the knowledge and the under-
standing groups·on.the understanding type.questions and no·significant 
differences.in the mean scores on the knowledge type questions. This 
anticipated result was not.substantiated by the principal study, The 
pilot study did indeed show this trend, but not at the present level 
of confidence, 
Subject to.the limitations·of this study, the following conclusions 
were drawn; 
1. There was no significant·difference in the mean scores of 
questions·designed·to assess understanding of chemistry by. 
the groups receiving knowledge type q~estions and the groups 
receiving understanding type questions. 
2. There was no significant diffe.rence in the mean scores of 
questions.designed,to assess knowledge of chemistry by the 
groups receiving knowledge type que$tions and the groups 
receiving understanding questions. 
3. There was no biasing of either of the groups .. toward a factual 
or conceptual orientatio~. 
None of the primary hypotheses were rejected .in the null form. 
The.student survey which was used to assess the student reactions 
to the treatments produced mixed results. Significance·re$ulted in.a 
greater .number of questions in the principal study·. than in the pilot 
study. The following conclusions were drawn on the basis of the stu-
dent survey. 
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1. There is no difference in the student emphasis on the study 
of the interrelation of facts and thinking relating basic 
concepts,of chemistry by the groups receiving knowledge type 
questions and groups rec,eiving understanding type questions. · 
2. There is no difference in student perception of the.immediate 
source of material from which the questions for each test were 
drawn as perceived by the groups receiving knowledge type 
questions and the groups receiving understanding type ques-
tions. 
Some.interaction between test question type and the experimental 
groups di,d ·occur, . since the ,following conclus:i,ons are supported by this -
study •. 
1. There is a significant difference in the _student emphasis in 
studying and memorizing facts by the groups receiving knowl-
edge type questions and the groups receiving understanding 
type.questions. When-questions were based prim1:1-rily on under-,-
standing little memorizing is done by students. Th:i,s is true 
even if the questions are in the multiple choice .format. 
2. There is a significant difference in the _student perception 
of the difficulty of the· test by .. the groups receiving knowl-
edge. type questions and.the groups receiving understanding 
type questions. The -understanding group con.sidered their tests 
to be much more difficult. 
Some. change in the st_udent approac;h to material .on the tests was 
indicated by.significant differences in thinking _about facts. The 
thinking about facts .was consciously·attempted by those receiving under-,. 
standing type questions~ Despite this.conscious effort by the students, 
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it is the-opin:i,.oJ;J. of the-investigator that thinking about the-inter-
relation .of·facts a"Qd·chemical concepts in studying material .of the 
course wa,sdoI1,e·in.an-irieffe~tive way.for answering the under1;1tanq.ing. 
type que~tions~ Therefore the tests.must-:be·supported in other-ways· 
to.make effeqtive the sttidy-for understanqing. 
Within th.e, limitations of th.is st,udy, . specific;. emphasi$ of higher 
cognitive powers_ on. the sepa.rate tests. did not· produce significant. dif- . 
ferences,in answeringquestions·inyolving those.higher-cognitive powers. -
Th~ understanding questions d:i,.d·seem to:create a sense,of insecurity .in 
tb~ students receiving that type of test;.· This-feeling may well.have 
led to a sense of frustration and·interfered. with the.challenge of the-
questions •. It -is clear from this study that tests, _important as tl:tey 
are; do not.change·conceptual or factual, orientation in-one semester. 
Rec;ommendations 
Basic·to.the iI11proveme"Q.t of.all teaching and specifically chemistry 
teaching is the.evaluation of.basic assumpt:i,.ons.of·current educational 
practice ,and innovation. The fol],.owing suggestions are in the interest 
of this iI11provement •. 
1. Studies similar _to thi.s study should be ccmduc;.ted .over. a 
longer period of time to determine the student.adjustmeqt 
that may take plac;:e · in student orientaticm. 
2. Since-the population in thi$ study was only a small segment· 
of those· students taking chem:t.stry, studies. should be con-:-
ducted using students with .science orientation. 
3. Studies ,shauld · be .. conductecl on populations· exposed· to test 
questions incorporating higher cognitive powers while . 
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controlling statis;tically-for factual or concept orientation. 
4. Stu4ies should be conducted on factual and conceptuai orienta-
tion with course mater_ials specifically designed with facts 
or concepts as·a prime objectiv~. 
5. Studies should. be condu~ted. to· det~rmine the extent .. to whi.ch 
.. 
·studet1.t un~asiness interferes with the_ learning process. 
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SCHEDULE OF 
TESTS FOR CHEMISTRY 115 
Test for the course: King, Brooks and W. Caldwell. College Chemistry, 
4th ed., New York: American Book Co., 1963. 
Chapters assigned during the semester .in the text. 
Ch~pters 1-8, 11-15, 17, and 22. 
Test Schedule 
Week 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Pilot Study 
Quiz 
x 
x 
x 
x 
x 
Minimum· 
Attainment 
Test 
x 
x 
x 
On~ 
Hour 
Exam 
x 
x 
Final Examination 
Week 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Principal Study 
Quiz 
x 
x. 
x 
x 
x 
x 
Minimum 
Atta:i,nment 
Test 
x 
x 
x 
Final.Examination 
One 
Hour 
Exam 
x 
x 
APPENDIX B, 
PILOT STUDY 
FINAL EXAMIJ;il'ATION AND STUDENT SURVEY 
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SEAT# NAME LAB DAY MT W TH F S 
~~- ~-,--,----,---,-,----,---,---,---,---,--,--,-~ (LAST) FIRST) LAB INSTRUCTOR _____ _ 
CHEMISTRY 115 
FINAL EXAMINATION 
FORM K 
DIRECTIONS: There is one best answer for each question. For each 
question, blacken the space on the answer sheet that corresponds with 
the number of that best answer. Be sure to place your lab instructor's 
name and the Form letter on your answer sheet. 
1. Which of the following measurements takes oh greater meaning when 
2. 
3. 
4. 
5. 
6. 
the atmospheric pressure is known? 
1. heat of fusion 
2. surface tension 
3. melting point 
The 
1. 
2. 
3. 
metallic bond is strongest in the 
active metals 
group II A metals 
transition metals. 
4, 
5. 
4. 
5. 
The 
1. 
2. 
3. 
high boiling point of water is due to 
the polar nature of the water molecule 
the hydrogen bonding. 
the "bent" nature of the water molecule· 
heat of vaporization 
boiling point 
halogens 
metalloids 
4. 
5. 
1 and 2 
1, 2 and 3 
The current ideas of the combustion reaction rests on ideas first 
forwarded by 
1. Cavendish 
2. Dalton 
3. Priestley 
Molecules of oxygen have the formula 
1. 0 and Oz 
2. Oz and 03 3. -2 0 · and o3 
4. 
5. 
4. 
5. 
Mendeleev 
Lavoisier 
o-2 and o-3 
o-2 and Oz 
Which of the following statements is not true about acids that 
form -ite salts? 
1. The acid contains an acid former and one other element 
2. The acid ends in -ous. 
3. The acid former is in a lower oxidation state 
4. They must contain oxygen. 
5. They contain hydrogen 
7. Phosphoric acid has been partially neutralized if a product of the 
reaction with sodium hydroxide includes 
1. NaHzP04 4. Na3P03 
2. NazHPO 3. Na3Po4 5. 1 or 2 
8. The sum of the coefficients of the balanced equation below is 
COz + NaOH ~ 
1. 3 2.4 3.5 4.6 5. none of the answers given 
9. Mark the same answer as in the preceding question. 1. 2. 3. 4. 5. 
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10. Five moles of hydrogen.are produced in th,e.reaction of.sodium and 
wat~r. How many grams of water have rei;tcted? (Na= 23) 
1. 18g. 2.90g. 3. 180g. 4. 230g. 5. none of the answers 
given 
11~ Mark the.same answer.as.in·the preceding question. 1. 2. 3. 4. 5. 
12. 
13. 
14. 
15. 
MagnesiUlll ions have the.same.number of electrons as e~ch of the 
following except, 
1 •. Ne 2. · Na+ 3. F 4. -2 o. 5. 
10 liters of a gas are collected at 40°c and 600 mm .. What is the 
value of the gas at.S.T.P. · 
1. V2 
600 313 4. v2 10 x 
40 x 600 
= lO x 760 x 273 = 760 
2. v2 
600 273 
= lO x 760 x 313 5. none of the answers 
given. 
3. V2 = 10 x 
600 
760 x 20 
Mark the s~me answer as in the preceding question •. 1. 2. 3. 4. 5. 
Which of the following combinations.of ·elements should not be 
expected·to react with each other?·. 
1. Si .and 0 4. Na and F 
2. Fr and Ne 3. Cl and Br 5. Fe·and p 
16. Mark the . same . answer as ·.in· the preceding question. 1. 2 • 3. 4. 5 • 
17. Which of the following combinations of atoms contain the greatest 
number of electrons gained from some other substance? 
1. so -2 4 2, H20 3. NH+ 4 4. 02 5. 802 
18. The electron dot ·symbol for 0 -2 is 
1. [ .. cr -2 • O' . 
. '
2. r:-·a -2  o; 3. [-~~ -2 4. [~~ -2 
5. [' 'o\)-2 
' ... 
19 •. The oxidation number·of nitrogen is 3 in a compound of only.oxygen 
and nitrogen. The·simp.lest ratio of .oxygen to nitrogen.in the 
compound is 
1. 1:2 2. 1:1 3. 3:2 4. 5:2 5. 1:3 
20. Mark the same answer .as in.the preceding question~ 1. 2. 3. 4. 5. 
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21. Of what value was the rejection of the plogiston theory to 
science? 
1. It demonstrated that not all p;roblems can be solved experi-
mentally. 
2, It demonstrated .that reasoning makes experimentation less 
important. 
3, It demonstrat.ed the necessity of. evaluating ideas in the light 
of experimental facts .• 
4. It showed that even the most complex phenomena can be 
explained by science. 
5. It proved the importance of electrons in understanding 
oxidation. 
22. In chemistry, a mole .is 
1. the. number of hydrogen atoms .in 18 grams of H2o. 
2. 6.02 billion particles. 
3. a small ·animal,, 
4. a beauty mark. 
5. the .number of carbon atoms in 44 g. of co2• 
23. The mult;ivalence characteristics of transit.ion metals can best be· 
understood by taking into account unfilled 
1. f orbitals. 4. s orbitals. 
2. s and p orbita.ls. 3. p orbitals. 5. d orbitals .• 
24. The correct formula for calcium sulfite is 
1. Ca2s 2. CaS 3. Ca2so3 4. Caso4 5. Caso3 
25. Mark the same .answer as in the preceding question. 1. 2. 3. 4. 5. 
26. The electron dot symbol for a chlorine atom .is 
I I •• •• • • 1. 'Cl~· 2. :ci: 3. :cit 4. Cl 5. Cl• \ 
' 
fl 
27. At one atmosphere external pressure,. the vapor pressure of liquid 
water 
1. is equal to. the heat of vaporization. 
2. may be greater than. the .external pressure. 4. is 760 nnn. 
3. depends on the temperature. 5. is 1oooc, 
28. The best example for a .molecule that is cov;3.lently bonded is 
1. NaH 2. HCl · 3. Bao 4. NaCl 5. Li20 
29. The most active metallic element i~ 
1. Li 2. Na 3. Al 4. Fr 5. Fe 
30. Mark.the same answer as in the preceding que.stion. 1. 2. 3. .4. 5. 
31. .. Lithimn and chlorine form a compound with 
1. metallic bonding. 
2. hydrogen bonding. 3. ionic bonding 
4. covalent bonding. 
5.. coordinate bonding. 
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32. Mark j:he same answer as in the preceding qu,estion. 1. 2. 3. 4. 5. 
33. The·most abundant.element (by weight) in th.e earth's crust is 
34. 
1. aluminu,m. 4. oxygen. 
2. iron. 3. silicon. 5 •. none of the answers given. 
Which of the following 
Zn(QH) 2 and NaOH? 
1. l an acid. and water. 
2. a gas and an oxide 
products ar.e · formed from the reaction of 
3. salt 
4. · none of these answers. 
5. water and a salt. 
35. Mark the same answe'I'. as in the .preceding question~ 1. 2. 3. 4. 5. 
36. What is the reducing agertt in .the following reaction? 
Al + . Hz ~ A1H3 
1. aluminum hydride. 4. hydrogen gas. 
2. aluminum metal. 3. hydride ion. 5. aluminum ion. 
37. Mark the same answer as in the preceding question. 1. 2. 3. 4. 5. 
38. According to the kinetic theory, ··the average kinetic energy of a 
solid and a liquid may be compared by measuring 
1. the .speed, of the individ.ual particles. 
2. the heat in one .molecule of each substance. 
3. the. temperature of the two substances. 
4. the heat .of crystallization of the two. substances. 
5. the masses of the particles making up the substances. 
39. The .number of .molecules of two gases are the same when the .volumes, 
pressures and temperatures of the two gases are the same. This .is 
a statement of , 
1. Charles law •. 
2. the law of definite proportions. 4. Avogadro's law. 
3. the law of multiple proportions. 5. Boyles law. 
40. A substance that gains electrons in a chemical reaction has 
reacted with 
1. an oxidizing agent. 4. an acid. 
2. a reducing agent. 3, . a catalyst. 5. a base. 
41. Mark the same answer as in th,e ·preceding question. 1. 2. 3. 4. 5. 
42. How many grams of carbon dioxide .are 
carbon (C = 12)? 
1. none of the ,following answers. 
2. 12 g. 3. 66 g. 4 . 
produced from 18 grams of. 
88 g. 5. 44 g. 
43. Mark . the same aqswer as in the preceding question. · 1. 2. 3. 4. 5. 
44. The correct name for SOz gas is 
1. sulfurous acid. 
2. · sodium oxide. 3 •. sulfite. 
4. sulfur dioxide. 
5. sulfurous oxide •. 
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45. Mark the same answer as in the preceding question. 1. 2. -3. 4. 5. 
46. 
47. 
48. 
49. 
50. 
51. 
On heating, PbO~ yields oxygen. How. many moles of PbOz are 
necessary to ma e 64 g. of oxygen? (Pb = 207) 
1. 1/2 mole. 4. 478 moles. 
2. 2 moles. 3. 4 moles: 5. none of the answers given. 
Mark the same answer as in the preceding questio~. 1. 2. 3. 4. 5. 
Se contains 6 electrons in the outer energy level. H2Se can then 
be e:x;pected to be 
1. tetrahedral. 4. polar. 
2. ionically bonded. 5. pyramid .shaped molecule. 
3. a base in water. 
FeO .does .not react :with :water while Bao does. FeO can .be· 
classified as 
1. an acid anhydride. 4. 1 and 3. 
2. a ha.sic _anhydride. 3. an oxide. 5. 2 and 3. 
An amphoteric substance. 
1. reacts .with acids. 4. 1 and 2. -
2. reacts with bases. 3. is an oxide. 5. 1, 2 and 3. 
The prderly repetition 
elements depends on 
of similar che.mical properties of the 
1. isotopes. 
2. ions. 3. neutro~s. 
4, protons. 
5. electrons. 
52. It is possible for chlorine gas to act as 
1. a reducing agent. 4. 1 and 2. 
2. an oxidizing agent. 3. an acid anhydride. 5. 1, 2 and 3. 
53. Which of the following compounds has a name·ending in .-ide? 
54. 
55. 
56. 
1. Caco3 2. HC104 . 3. Na2s?.3 4 •. Caso4 5 •. NH40H 
In which of the following compounds 
oxidation number as in H4P2o7? 
1. PH3 2. Na3Po4 3., HP02 
does phosphorus have the sa.me 
5, NaP02 
The ·elements W, X, Y, and Z are arranged in order of increasing 
electronegativity. The compound of the above elements that best 
represents a covalent bonding is 
1. XY 2. y2 3. WY 4. wz 5. x2z 
Oxidation of HBr. will always produce 
1. 02. 2. Hz 3. Br2 4. -H2o .and Br2 5. Br and·H2 
57. The term "ha.logen" means. 
1. bad air, 4. stench. 
2. acid former. 3. salt former. 5. hydrogen containing. 
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58. A compound is . composed of three elements. . . -The compound cannot be 
1. an acid,. ·-· 4. an oxide. 
2. a base. 3. a salt. 5. 1 and·2. 
59. The molecular weigh t.s of _gasea A and B are 16 and 64 respectively. 
The·diffusio11 rate of A .is 
1. 1/2 that of B.- 4. 4 times • that of B • 
2. 1/4 _that .of B. 5. · none ·of the answers given. 
3. twice . that of B. 
_ 60. A base. is any compound that_ 
1. conta:f,ns hydrogen. 4. 
2. accepts ,electrons. 3. giv:es protons; 5. 
accepts protons. 
gives electrons. 
61. · A neutralizatiotl reaction of an acid. anhydride will always produce 
1. an a~id. 4. a salt. 
2 •.. water. 3. · a base. . . 5. · a salt. and water. 
62. The acid properties of a compound in water sol,ution is .due to the 
presence ,of 
1. +- 2. HO+ 3. + 4. HO~ 5. H +. H 3. H2o 2 
63. Whiah '. ,of . the following is .an acid salt? 
1. Cao 2. NaHC03 3. Ca(OH),2 _ 4. Cac12 5. CaOHCl 
64. In which of the .following reactions does reduction occur?. 
1. C + o2 4. Na2o + B2o 
3. BaC03 5. NaCl+ AgN03 
65. H2 can be released from strong . acids by using (both must produce-. 
Hz) 
1. Zn or Cu •. 4. Na or Cl.. 
2. Fe or Cu •. 3. Al or An. 5. Cu or Al. 
66. Ammonia is made from:hydrogen and nitrogen gas. If 60 liters of 
ammonia are made the,n how many lite.rs of hydrogen was µsed? All 
gases are measured, at-2 at;mospheres and o0 c; 
1. 9 x 22.4 liters. 4, 20 liters. 
2. 90 lite~s. 3. 30 liters. 5. none of the answers given. 
67. Mark the .same.answer as .in the preceding question. L 2. 3. 4. 5. 
68. Whic'l). of the following is a ba~;ic anhydride?, 
1. Na2co3 2. Na2o 3. NaH 4 •. Ba(OH) 2 
69. Which of the following ions is -larger than Cl ion? 
1. magnesiu~ ion. 4. sulfide :ion. 
2. oxide ion. 3. fluoride ,ion. .. 5. potassium ion. 
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70. 
71. 
Pb, Ca and Mg can.be arranged in,an activity series .by compar~ng 
their.reactions with water. The order of reactivity (greatest 
to least) is 
1. Ca, Mg, -Pb . 
2. Pb~ Ca, Mg 3. Mg, Ca, Pb 
Hydrogen gas.may be liquified under 
This. behavior, is explained by using 
1. hydrogen bonding. 
2. poi'ar bonding. 
3. ionic bonding. 
4. Mg, Pb, Ca 
5. none of the answers given. 
pressure and ·when 'cooled •. 
idea of 
4. covalent bonding. 
5. Van der ,Waal~s forces •. 
72-75-relate to the ,diagram of atom X that showed how sub$hells are 
occupied. 
I I I I ·1 
(X) 2 2 6 2 3 
I I I I I 
72. The total number, of orbitals occupied by electrons is 
1. . 10 2 • 12 3. 7 4. 8 5. 9 
73. The total numl:ler 0£ electrons ·in .the 4th major energy level ·is 
1. 11 2. -5 3. 3 4. 2 5. 0 
74. The total m,1mhei;: of unpaired elect'rons . is 
L 4 2. O 3. 1 4. 2 5. 0 
75. The total . number of ·.valen.ce el,ectrons . is 
1. 1 2. 2 3. 3 4. 5 5. none.of these answers. 
76. The greatest number of electrons in the d sub level is 
1. ' 2 2. 4 3. 6 4. 7 5. none.of these answers. 
77. The ato~ic mass numbe1; for an atom is.numerically equal to the 
number of 
1. electrons. 4. protona plus electrons. 
2. neutrons. 3. protons. 5. protons .plus neutrons. 
78. Which expression gives the. weight of 2 moles of identic1:!,l gas 
particles? 
1~ none of the following answers is correct •. 
2. Avogadro's.number x 2 x the weight.of :one particle of the,gas. 
3. Avogadro's number x 2. 
4. Avogadro's weight x.22.4 
2 
5. 2 x.the weight of one.particle.of the gas. 
79. Mark, the Sq.me answer as in the ,preceding question. · 1. .2. ·3. 4. 5. 
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80. The electron dot symbol 
,. 
Q .. , , ". 
1. H:Br:O:O:O: 
.. ,. \t H 
•• •• . ... 2. H:O:Br:0:0: 
•• ... .. .. 
for HBr03 is 
.. 
~o:,. ,. ., 
3. H:Br:O:O: 
•• •• 
-· 
: 0: 
t !t .. ' ,o 
4. H:O:Br:O: 
t, n f • 
: 0: 
h 
" ' . 5. :O:Br:O: 
SL Individual atoms.of the same element always contain the.same 
number of. 
1. electrons. 
2, neutrons~ 4. protons and neutrons. 
3. protons .and electrons. 5. protons. 
82. The temperature at which the vapor pressure of a liquid is the· 
same as the external pressure is the . 
1. melting point. 4. hydration point. 
2. boiling point. 5. barometric pressure. 
3. surface tension. 
83. The atomic particles that have an amu of zero are 
1. neutrons~ 4o protons and neutrons. 
2. electrons. 3' protons. 5. protons and electrons. 
84. A test for chloride ion requires the use of 
1. AgN03 2. HN03 3. NH40H 4. ·1 and 2 5. 1, 2 and 
85. An odd number of electrons is .found in 
1. HClO 2. Cl2o 3. c12o7 4. Cl0 2 c; HCl _, . 
86. Barium reacts with sulfur .or oxygen. The two compounds that are 
formed are 
87. 
1. an acid and an oxide. 
2, an acid anhydride and an oxide. 
3, a salt.and a basic anhydride. 
4, an·acid anhydride and a basic anhydride. 
5 . two salts. 
The formula for a compound is x is 20% of the 
weight. If the .atomic weight 
XY2 . 
of X is 30, then .the 
of Y is 
compound by 
atomic weight 
3 
1. 160 2. 120 3. 80 4. 60 5. none of these answers 
88. Mark the same answer as in the preceding question. 1. 2. 3. 4 •. 5. 
89. Pure hydrogen bromide can be prepared from 
1. NaBr and H2so4 
2. NaBr and HCl 
4. 1 and 2 
5. 1 and 3 
Chem. 115 (8) . Form.K 
90. How many moles of molecules are there in 22.4 liters of gas at 3 
atmospheres and. 2730C? 
1. 6 moles 2. 3/2 moles 3. 1 mole 4. 2/3 moles 
5. none of these 
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91. Mark· the same answer as in· tb,e preceding question. . 1. · 2. 3. ·4. 5. 
92. The ·,number. of atom:i,.c · particl,es that can· be :exactly determined. from 
the formula, .HCl,. is the number of 
1~ protonsj neutrons and electrons •. 4. electrons. 
2. protons, and electrons. 5. protons. 
3. neutrons •. 
93. The non-metallic element thai is a liquid at .room.temperat~re is 
1. Hg 2. Br2 3. 12 4. F2 . 5. Cl2 
94. 'A white crystalline substance melts. below 1oooc •. It -does not 
conduct electricity eiiher as a solid or when melte~. · The 
substan~e is most likely 
1 •. an ionic c~mpound. 
2. a pure metal. 
3, a sodium halide. 
4. a crystal made of covalent. bonds. 
5. a crystal, of covalent molecu,les. 
95. Which compound is polar" 
1. N2 2. H2 3. CC14 
96. 5 liters of a gas are collected at .10°c and 2 atmospheres. How 
many moles of·gas have been collected? 
1. 
2. 
283 
5 x 2 x 273 
5 2 273 
22.4 1 · 283 
4. 
3 •. 5 x 2 5. 
5 
22.4 
none of these 
answers. 
97. Mark the same answer as in the preceding question. 1. 2. 3. 4. 5~ 
98. How much heat is needed to change 10 grams.of.ice at 
-10°c to 
water vapor at 
-10°C? 
1. 540 calories ~~·-·· 4. 100 calories 
2. 5400 calories 3. 6200 calories· ·5. none of these answers 
99. Mark the ·same·· answer. as in . the preceding question. 1. 2. 3. 4. 5. 
100. HCl is made in the laboratory.from 
1. NaHS04 and NaCl •. 4. NaCl and H20. 
2. Na2so 4 and NaCL. 5. NaCl and H2so4 •. 
3. NaOH anq. NaOCl. 
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SEAT. If CHEMlSTl\Y .115 STUDENT ·SURVEY· 
PLEASE NOTE: This is. not,.a test. The purpose o:f; this survey is tq 
gat4er information that will help improve Chemistry test-
ing. To do this we need your help.· Above·all, we need 
honest, .. thoughtful . answers •. 
DIREC,TIONS: 
1. 
This.survey will NOT be used in any way for determining 
you~ grade in this course •. 
1) Read each·statement carefully .and place tne NUMBER of 
th,e answer nearest your opinion in the space to the· 
left of .the statement. 
2) There are NO RIGHT OR WRONG ANSWERS, An answer is 
right if it_is true for you. 
3) Be sure to answer every item; do not.omit,any item •. 
4) This-survey concerns itse],.f only with THEORY QUIZZES,. 
MINIMUM ATTAINMENT TES'l'S · (MAT) , and.· HOUR· EXAMS IN 
Chemistry.115. 
- - - - - - - - -. -
The test questions on the tests yo~ 
taken from assigned·text material 
1. almost never •. 
2. a few times. 3. · sometimes. 
took were directly 
4. often. 
5. · almost always. 
2. The test questions on the.tests you took were directly, 
taken from the.study guide 
1. . almost never. 4. · of ten. 
2. a few ti~es ~ 3. · sometimes~ 5. · almost always. 
3. The· test ques,tions on. the tests you took we.re directly 
taken from.the lecture notes 
1. almost never. 4. often, 
2. a. few times., 3, sometimes. 5. almost always. 
4. Facts.were important in _answering test questions you.took. 
5. 
6. 
1. almost never. 4 .. often. 
2. a few times,. 3 •. sometimes. 5. , almost always. 
Thill.king about·faGts 
test que,tions' · 
1. almost ·never. 
2. . a few times. 
studied was important·in.answering 
4 •. often .. · 
3. sometimes. · 5,. almost.always. 
The· answers .. to· tes.t questions depended only on facts· that. 
had to be memorized 
1.. 
2. 
almost·never. 
a few times •. 
4. · often. 
3. · so~etimes. 5. almost.always. 
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7. The answers to test questions depended only on the under-
standing of chemical ideas 
1. almost never, 4 •. · often. 
2. a few times. 3, sometimes. 5. almost always. 
8. Thelett;er grading on.the test you took were fair 
1. almost never. 4. · often. 
2. a few times. 3, sometimes. 5. almost always. 
9 •. The qui? sections. helped you.in preparing for the tests. 
1. almost never. 4. often. 
2. a few times. 3. sometimeE:1, 5. almost always. 
10. The .laboratory periods helped you in preparing for the tests 
1. almost never. 4. often. 
2. a few times. 3. sometimes. 5. almost always, 
11. This chemistr:y course ;was a chaL),.enge to your thinking 
ability 
12. 
1. almost never. 4. often. 
2. · a few times. 3, sometimes. 5. almost always. 
This chemistry course 
ability. 
1. almost never. 
2. a few times. 3. 
was a challenge to your memorizing 
4 •. often. 
sometimeEI, 5. almost always. 
13. The tests reflected lecture and assigned material. 
1. almost.never, 4. often. 
2. a few·times. 3. sometimes. 5. almost always. 
14, Your test score reflected your understanding of the 
Chemistry you studied 
1. a~most never. 4. often. 
2. a few times. 3. sometimes. 5. almost always. 
15, How often did you. compare your color test. forms with the .. 
other color test form? 
16. 
1. never. 4. often. 
2. a few times. 3. sometimes. 5, every time. 
How did the score·you thought.you 
with the score you actually made: 
made,was 
1. almost always lower~ 
2, sometimes! lower. · 4. 
3, usually the , same. 5, 
got on .each.test compare 
The score you actually 
sometime$ higher. 
almost always higher. 
f 
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17. · In.studying .for the·tests, how much time was spent in 
memorizing facts? 
18. 
L very little. time.' 
2. less.than 1/2 time. 4. mo~e·than-1/Z time. 
3. about 1/2 time., 5. most of the. time •. 
In studying for th~ tests, 
trying to.understand ideas 
aQ.other? 
L. very lit~le t:i,me., 
2. le~s than 1/Z time.' 
3 •. about 1/2 .time •. 
hQW much time was spent in. 
ai;i.d relations o:I: facts to .· one 
4. more than 1/2 time. 
5. most of the time. 
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19. How·did the,diff:i,culty·of.your.tests compare.with ;the other. 
form.tests?· Your form wa~ 
L mqch easier. 
2. . usually easier. 4. much·. harder. 
3. abou,t·the sam~ difficul,ty •. 5 •. no opinion •. 
APPENDIX C 
PRINCIPAL STUDY. 
FINAL EXAMINATION AND STUDENT SURVEY. 
91 
CHEMISTRY 115 
FINAL EXAMINATION 
FORM A 
92 
NAME-.·-·------------------ LAB I.NSTRUCTOR_. -------
DIRECTIONS: · There is one.best answer.for each question. Se,1:-ect the 
aI?,sweJ;" and mark.your.answer sheet. Also mark your, 
question sheet;:s for your record. YOUR LABORATORY 
INSTRUCTOR'S NAME MVST ALSO APPEAR ON YOUR ANSWER SHE~T 
••••.• SCORE = W/4 
1. In the r~acti,on: Br2 + H2o HBr + HOBr, the bromi,ne gas is •. 
1. a reducing agent. 
2. an oxidizing agent •. 4 •. both 1 and 2 .. 
3. an acid.anhy<;lride. · 5. 1, 2 and 3. 
2. Mark tlJ_e same answer.as in the preceding question. 1. 2. 3. 4. 5. 
3. In which of· the following compounds does phosphoru1;1 have the , same.· 
oxidation number as in H4P2o7? 
4. The elements w, x, Y·and z are arranged in order of increasi~g 
electronegativity •. The COl!lpound of the above elements that best 
represents a covalent bonding is 
1. m; 2. x2z 3 •. wz 4 •. y2 5. XY 
Oxidation of H;Br will produce 
1. Br- and Hz 2. 1120 and Br2 3. 5. 
6. The term "halogen" means 
1. bad air. 
2. salt· fo:r;-mer. 4. hydrogen containing. 
3. acid former. 5. stench. 
7. A compound i1;1 composed of three elements. The compound · cannot be .. 
8. 
9. 
1. an acid. 4. an oxide. 
2. a base. 3. a salt. 5. 1 and 2. 
The·moleculaJ;" weights 
The diffusion rate of 
1. 1/4 that of B •. 
2~ 1/2 that of B. 
3 •. twice that of B, 
A-base.is any compound 
1. gives ,_protons •. 
2 •. ac~epts protons. 
3. gives electrons •. 
of gases A and Bare 16 and.64 respectively. 
A·is-
4. 4 times that of B. 
5. none of the answers given. 
that 
4. accepts electrons· 
5. contains hy<;lrogen. 
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10. Mark the same answer as in the . preceding question. 1. 2. · 3. 4. · 5. 
11. 
12. 
·~ neutralization reaction of an acid anhydride will always produce 
1. a base •. 
2, a salt. 
3. a salt and water. 
4. 
5. 
water. 
an acid. 
The acid properties of a compound in water solution is due to the 
presence of 
1. H2+ 2. 3. 4. 5. HO 
13. Which of the following is an acid salt? 
1. CaOHCl 2. CaC12 3. Ca(OH) 2 4. NaHC0 3 5. cao 
14. In which of· the following reactions does reduction occur? 
1. Baco3 
2. Na2o + H20 4. C + 02 
3. NaCl +AgN03 5' NaF + H2so4 
15. H2 can be relec;1sed from strong acids by using (both must produce 
Hz) 
1. Al or Zn 4. Fe or Cu 
2. Na or Cl 3. Cu or Al 5. Zn or Cu 
16. Ammonia is made from hydrogen and nitrogen gas. If 60 liters of 
ammonia are made, how many liters of hydrogen was used? All 
gases are measured at 2 atmospheres and o0 c. 
1. 10 liters. 
2. 30 liters. 4. 9 x 22.4 liters. 
3. 90 liters. 5. none of the answers given. 
17. Mark the same answer as in the preceding question. 1. 2. 3. 4. 5. 
18. Which of the following is a basic anhydride? 
1. NaH 2. Ba(OH)2 3. so2 4. Na2C03 
19. Mark the same answer as in the preceding question. 1. 2. 3. 4. 5. 
20. Pb, Ca and Mg can be arranged in an activity series by comparing 
their reactions with Wc;lter, The order of reactivity (greatest to 
least) is 
1. Mg, Pb, Ca 
2. Mg, Ca, Pb 4. Ca, Mg, Pb 
3. Pb, Ca, Mg 5. none of the answers given. 
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QUESTIONS 21-24 relate to the diagram of atom X that showed how sub~ 
shells are occupied. 
' ' ' ' ' (X) 2 2 6 2 3 
' ' ' ' 
I 
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21. How many orbitals are occupied by the last three electrons (outer 
22. 
23. 
24. 
25. 
26. 
electrons)? 
1. 1 2. 2 3. 3 4. 4 5. more than 4 orbitals 
The total number of electrons in the 4th major energy level is 
1. 0 2. 2 3. 3 4. 5 5. 11 
The total number. of unpaired electrons is 
1. 1 2. 2 3. 3 4. 4 5. 0 
The total number of valence ·electrons j_s 
1. 1 2. 2 3. 3 4. 5 5. none of these 
The greatest number of electrons in the d sublevel is 
1. 2 2. 4 3. 6 4. 7 5. none of these 
The·atomic·mass 
number of 
number for an atom is numerically equal tc;i the 
1. protons. 4. protons plus neutrons. 
2. electrons 3. neutrons. 5. protons plus electrons. 
27. Which expression gives the weight of 2 moles of identical.gas 
particle? 
1 •. 2 x. the weight of one particle of the gas. 
2 • Avogadro'~ weight x 22 •4 
3. Avogadro's number x 2. 
4. Avogadro's number x 2 x the weight of one particle of the gas.· 
5. none.of the answers given. 
28. Mark the same answer as in the preceding question. 1. 2. 3. 4 •. 5. 
29. Individual atoms of the same element always contain the same 
number of 
1. protons. 4. protons and electrons. 
2. electrons 3. neutrons. 5. protons and neutrons. 
30. The temperature at which the vapor pressure of a liquid is th~ 
same as the external pressure is the 
1. boiling point. 
2. melting point. . 4. barometric pressure. 
3. surface tension. 5. hydration point. 
31. Mark the same·answer.as in the preceding question. 1. 2. 3. 4. 5. 
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32. The atomic·particles that have an amu of zero·are 
1. protons~ 4. protons and electrons. 
2. neutrons. · 3. electrona. 5. protons and neutrons. 
33. Chloride ion in water solution will be precipitated with a 
solution of 
1. AgN03 4. both 1 and 2. 
2. NH40H 3. HNO 3 5. 1, 2 and 3. 
34. Mark the same answer as in the preceding question •. 1. 2. 3. 4. 5. 
35 ~ An odd number of electrons i$ found· in 
1. HCl 2. ClO· 2 3~ · c12o7 4. Cl O 2 5 •. HClO 
36. Barium reacts with sulfur or oxygen. The two compounds that are. 
formed are 
1. an acid and an·oxide. 
2. · an.acid anhydride and an oxide. 
3. · a salt and a basic anhydride. 
4. an acid anhydride and a basic.anhydride. 
5. two salts. 
37. The formula for x is 20% of the compound by 
weight. · If the 
a compound is XY2• 
atomic weigh~ of X is 30, then the.atomic·weight. 
of Y is 
1. 60 2. 80 3. 120 4. 160 5. none of thef:!e answers,. 
38. Mark. the same answer as in the preceding question. 1. 2. 3 • .4. ·5 •. 
39. Pure hydrogen chloride can be prepared from 
1. · NaCl and H3PO 4 4. NaOH and C12 .· 
3. HCl and NH4Cl 5. NaCl and NaOH 
40. The number of atomic.particle$ that can.be exactly determined 
from the formula, HCl, is the number of · 
1. protons. 
2. electrons. 4. protons and electrons. 
3. neutrons. 5 •. protons, neutrons and electrons. 
41. Mark.the same answer as in the.preceding question. 1. 2. 3. 4. 5. 
42. The non7me~allic element that is a liquid at room temperature is 
1. Hg 2. Br2 3. Cl2 4 •. F2 5. !2 
43. Which compound is polar? , 
1.. H2S 2. co 2 3. CC14 4. Hz. 5. N2 
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44. 44.8 liters of a gas are collected at o0 c and 2 atmospheres. 
How many moles of gas have been collected? 
1 44.8 l 
.. 22 . 2 mo es 
22.4 2 4. · 44 . 8 x 1 x 273 moles 
2. 44.8 2 22 . 4 x 1 moles 5. none of these answers 
3. 44.8 1 22 . 4 x 2 moles 
45. Mark the same answer as in the preceding question. .1. 2. 3. 4. 5. 
46. How much heat is needed to change 10 grams of ice at -10°C to 
0 
water vapor at -10 C? 
1. 540 calories 4. 100 calories 
2. 5400 calories 3. 6200 calories 5. none of these 
47. Mark the same.answer as in the preceding question. 1. 2. 3. 4. 5. 
48. HCl is made in.the laboratory from 
1. NaCl and H2so4 . 
2. NaCl and H2o. 4. Na2so4 and NaCl. 
3. NaOH and NaOCl. · 5. NaHS04 and NaCl. 
49. Mark the same answer as· in the preceding question. 1. 2. 3. 4. 5. 
50. Which of the following measurements takes .on greater meaning when 
the atmospheric pressure is known? 
1. heat of fusion 
2. heat of vaporization . 4. melting point 
3. boiling point 5. surface tension 
51. The metallic bond is.strongest in the· 
1. active metals 4. metalloids 
2. group II A metals. 3. · halogens 5. transition metals. 
52. The high boiling point of .water is due to 
1. the ionic bonding in the water molecule. 
2. the hydrogen bonding between water molecules. 
3. the polar nature of the water.molecule. 
4. 1 and 3. 
5. 2 and 3. 
53. Molecular forms of oxygen have·the formulas 
0-2 1. 0 and 02. 4. and 03. 
2. 02 and o3 . 3. 
-2 
and 02~ 5. 
-2 
and -3 0 . 0 0 
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54. Which of the following statements is not ture about acids that 
form -ite salts? 
1. They contain hydrogen. 
2. They must contain oxygen. 
3. The acid former is in a lower oxidation state. 
4. The acid ends in -ous. 
5. The acid contains an acid former and one other element. 
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55. Mark the same answer as in the preceding question. 1. 2 .. 3. 4. 5. 
56. Phosphoric acid has been partially neutralized if a product of 
the reaction with sodium hydroxide includes 
1. NaH2PO 4 • 2. Na2HPO 4 . . 3. Na3PO 4 • .4. Na3PO 3 . 
5. · 1 and 2. 
57. The sum of the coefficients of the balanced equation below is 
co2 + NaOH -+ normal salt + water 
1. 3 2. 3 3. 5 4. 6 5. none of these 
58. Mark the same answer as in the preceding question. 1. 2. 3. 4. 5. 
59. Five moles of hydrogen are produced in the reaction of sodium 
and water. How many grams of water have reacted? (Na = 23) 
1. 18 g. 2. 9o·g. 3. 180 g. 4. 230 g. 5. none of these 
60. Mark the same answer.as in the preceding question. 1. 2. 3. 4. 
61. Magnesium 
following 
ions have the same number of electrons as each of the 
1. Ca +2 
except, 
-2 2. 0 · 3. F 4. + Na 5. Ne· 
62. 10 liters of a gas are collected at 40°c and 600 mm. What is 
the volume of the gas at S.T.P.? 
1. 
2. 
3. 
40 x 600 
v2 = 10 x 760 
v 2 
600 
lO x 760 x 20 
600 273 
v2 = 10 x 760 x 313 
4. 600 313 v2 = 10 x 760 x 273 
5. none of the answers given 
5. 
63. Mark the same answer as in the preceding question. 1. 2 .. 3. 4. 5. 
Chem. 115 
64. Which of the following 
expected to react with 
1. Na and F 
2 •.. Cl and Br 
(7) 
combinations of elements 
each .other? 
3. Fr and Ne 
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should not be 
4. Si and 0 
5. Fe and p 
65. Mark the same answer as in the preceding question, 1. 2. 3. 4. 5. 
66. Which of the following cembinations of atoms contain the greatest 
number of electrons gained·from some·other substance. 
1. S02 2. o2 3 •. NH4+ 4. H20 5. so4- 2 
67. The electron dot symbol for o~2 is 
69. 
L [ :~:]-2 
5. [ a·)-2 
In a compound of only 
of nitrogen is 3. 
1. . NO 2. N20 
oxygen.and nitrogen, the oxidation number 
70. Mark the.same.answer as in the preceding question. 1. 2. 3. 4. 5. 
71. In chemistry a mole is 
1. a beauty mark. 
2 • . a small animal. 
3. the number of molecules in 44 g. of co2 . 
4. 6.02 billion particles. 
5. the number of hydrogen atoms in 18 grams of H2o. 
72. Mark the sa.me answer as in the preceding quee;tion. 1. 2. 3 •. 4. 5 •. 
73. The multivalence characteristics of transiton metals can best be 
understood by taking into account unfilled 
1. s orbitals. ' 4. f orbitals. 
2. p orbitals. 3. d orbitals. 5. sand p orbitals. 
74 •. The correct formula for calcium sulfite is 
1. CaS 2. Ca2s 3. Caso3 4. Ca2so3 5. Caso4 
75. Mark the same answer as in the preceding question. 1. 2. 3. 4. 5. 
76. The electron dot symbol for a chlorine atom is 
1. Cl" 
,. 
2. : Cl: 
~ 
,. 
3. : Cl: · 
I I 
4. : Cl: 
I I 
•• 5. Cl 
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77. At one.atmosphere external pressure, the vapor press1,1re of liquid 
wa,ter. 
1. is. 760 mm.· 
2 •. depends on the.temperature •. 
3. is 100°c. 
4. may be greater than.the e~ternal pressure •. 
5. is.equa:j. to the·heat of vaporization. 
78. The best example for a molecule that is covalently bonded is 
1. . Li O 2. NaCl 3. Bao 4. HCl 5. NaH 2 . 
79. Mark the same answer as inthe preceding question. 1. 2. 3. 4. 5. 
80. The most active .metallic element is 
1. Fe 2. Al 3. Na 4. Li 5. Fr 
81. Mark .the same answer as. in the preceding question. 1. 2. 3. 4. 5. 
82. Lithium and chlorine form a compound with 
1. ionic·bonding. 
2 •. covalent bonding. • 4 •. metallic bonding. · 
3. - coordinate . bonding. . 5. hydrogen• bonding •. 
83. Mark the same· answer ... as in the prececling question. 1. 2. 3. 4. 5 ~ 
84. The most abundant elente~t (by weight) in the earth's crust is 
1. oxygen. 4. ·aluminum. 
2. silicon. 3. iron.. 5. none of these. 
85. Which of the following products are fqrmed from the.reaction of-
An(OH)2 and.NaOH? 
1. water and a salt. 
2. a salt •. · 4. · an acid.and water. 
3. a gas . and an oxide~, 5. none·of the answers given. 
86. Mark the. same answer as in t4e preceding qt,iestion. 1. 2. 3. 4. 5. · 
87. What is the reducing agent in the following reaction?· 
Al +.H2~ AlH3 
1. hydrogen. gas •. 4. aluminum metal •. 
2. hydride ion. 3; aluminum ion 5 ~ . aluminum hydride •. 
'88. Mark the same·answer as in. the preceding question.· 1. 2. 3. 4. 
89. According to the kinetic.theory, the average kinetic.energy of.a 
aolid and a liquid-may be compared by measuring 
1., the heat of crystalization of the two substances. 
2. the temperature of the two substances. 
3. · the mas1;1es of the _particles making up the ._substances •. 
4. thEl speeds of the.individual·particles. 
5. · the hea ~ in one · molecule · of . each .substance. · 
5. 
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90. The·number of molecules of two gases are the same when the· 
volumes, pressure, and temperatures of the two gases are the 
same. This is a .statement of 
1. Boyles law. 
2. Charles law. 
3. the law of definite proportions. 
4. the law of multiple,proportions. 
5. Avqgardro's hypothesis. 
91. A substance that gains electrons in a chemical reaction has 
reacted with . 
1. an acid. 
2. a base. 4 .. a reducing agent. 
3. an oxidizing agent •. 5. a catalyst. 
92. Mark the same answer as in.the preceding question~ 1. 2. 3. 4. 5. 
93. How many grams of carbon dioxide are produced from 18 grams of 
carbon. (C · = 14)? 
1. 12 g. 2. 44 g. 3. 66 g. 4. 88 g. 5. none of these 
answers 
94. Mark the same answer as in the preceding question. 1. 2 •. 3. 4. 5 •. 
95. 
96.' 
97. 
98. 
On heating, PbOa yields oxygen •. How many moles of Pb02 are 
necessary to ma e 64 g. of oxygen? (Pb = 207) 
1. 1/2 mole· 4. 478 moles 
2. 2 moles 4. 4 moles 5. none of these 
Mark the same answer as in the preceding question. 1. 2. 3. 4. 5. 
Se contains 6 electrons 
be expecte.d to be 
in the outer energy level. H2Se can then 
1. polar. 
2. tetrahedral. 4. a base in water. 
3. · ionically bonded. 5. linear. 
FeO does not react .with water while BaO does. 
classified as 
1. an acid anhydride, 
2. a basic anhydride. 3. an oxide. 
FeO can be 
4. 1 and 3. 
5. 2 and 3. 
99. An amphoteric substance 
1. rea_cts with acids. 
2. reacts with bases. 
3. · is an oxide. 
4 •. 1 and .2. 
5 • 1, 2 and .3 • 
100. Mark the same answer as in the preceding question. 1. 2. 3. 4. 5. 
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SEAT# CHEMI$TRY·115 STUDENT SURVEY 
PLEASE NOTE: This is not a test. The purpose of this survey is to 
gather information that will help improve Chemistry test-
ing. To do this we need your help. Above all, we need 
honest, thoughtful answers. 
This survey will NOT·be·used in·any way for determining 
your grade in this course. 
DIRECTIONS:. 1) Read each st~tement carefully .and place the NUMBER of 
the answer nearest your opinion in.the space.to the 
left of the statement •. 
1. 
2) There are·NO.RIGHT OR WRONG ANSWERS. An.answer is 
right if it is tru~ for you. 
3) Be sure to ·answer every item; do not omit any item·. 
4. This survey concerns itself only with THEORY QUIZZES, 
MINIMUM ATTAINMENT TESTS (MAT), and HOUR EXAMS in 
Chemistry 115. 
Mater:i,al for test questions on the 
directly t~ken from.assignments in 
1. almos~ never. 
2. a few times. 3. sometimes. 
-------. 
test.you took were 
the.textbook. 
4. often. 
5. almost always. 
2. Matfi!rial for test questions on the tests you took were· 
directly taken from the study guides. 
3. 
1. almost never. 4. often. 
2. · a few times. 3. sometimes. 5. almost always. 
Material fo~ test questions on.the 
d:i,rectly t~ken from the lectures. 
1. almost never. 
2. a few times. 3. sometimes. -
tests you took we.re 
4. often. 
5. almost always, 
4. The test questions.on the tests you took requireq only that 
you remember some.memorizeq facts. 
5. 
6. 
1.. almost never. 4. often. 
2. a few times. 3. sometimes. 5, almost always. 
Thinking about.facts 
test questic:ms. 
1. almost.never. 
2. a few times. 
Two or.more.chemical 
question. 
1. almost.never. 
2. a few times .. 
studied was important in answering 
4. often. 
3. _ some times 5. almost alw~ys. 
ideas were nee~ed to answer each test 
4. often. 
3. . sometimes. 5. almost·always. 
Chem. 115 
7. 
8. 
9. 
102 
(2) Student Survey 
The t~st questions.on your·form were difficult to under-
stand. 
1. almost never. 
2. · a few times. 3. sometimes. 
Th~s·chemistry course was a challenge· 
ability. 
1. almost never. 
2. a few times. 3. sometimes. 
This cqemistry .course was a challe11.ge 
ability. 
1. almost never. 
2. a few. times. 3. sometimes. 
4. often. 
5. almost.always. 
to.your think:i,ng 
4. often~ 
5. almost always. 
to your memorizing 
4. often. 
5. almost always. 
10. The·tests reflected lecture and assigned material. 
1. almost never. 4. often. 
2. a few times. 3. sometimes. 5. almost always. 
11. Your test scores .reflected your understanding of the 
chemistry you studied. 
1, almost never.. 4. often. 
2. a few times. 3. sometimes, 5. almost always. 
12. The chemical substances and reactions used in the test· 
question were the same as those studied in preparing for 
the test. 
1. almost never. 4. often. 
2. a few times~ 3. sometimes; 5. almost always •. • 
13. In studying for the tests, .how much time was·spent in 
memorizing facts? 
1; very little time.• 
2. less than 1/2 time.· 4. more than 1/2 time. 
3. . about 1/ 2 time. 5. most of the time. · 
14. In studying for the.tests, how much time was spent in try:i,ng 
to understand ideas and.relations of facts.to one another? 
1. very little time. 
2. less than 1/2 time.· 4. more than 1/2 time. 
3. about 1/.2 time. 5. most of the time. 
15. How·often did you compare. your type of test with the other-
type of test? 
1. never, 4. often, 
2. a few times!. 3. sometimes. 5. every. time. 
16. How did the difficulty of your tests compare with the ,other 
form tests? Compared to the.other form, my form was 
1. much easier. 
2. us~ally easier. 4. much harder. 
3. about the sc;lille difficulty. 5 .. no opinion.· 
_) 
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EXAMINATION QUESTIONS IDENTIFIED BY TYPE 
Pilot .study 
Understanding qu~stions Knowledge questions· 
.1 47 2 49 3 6 53 
4 50 8 54 
5 51 9 57 
7 52 11 59 
10 55 12 62 
13 56 14 72 61 18 64 15 73 19 66 17 75 20 22 77 
21 67 23 78 
27 68 24 80 
29 70 25 82 
34 7l 26 88 
35 76 30 89 
36 83 31 91 · 
39 85 32 93 
41 87 33 99 
43 95 38 100 
44 97 42 
45 98 
Principal·Study 
Understanqing questionc1 Knowledge questions 
1 50 6 48 
3 51 9 53 
4 52 11 54 
7 56 12 57 
14 61 13 67 
21 64 15 73 
22 66 18 74 
23 69 20 76 
24 71 25 77 
27 85 26 80 
35 87 29 82 
36 89 30 84 
37 93 32 90 
40 95 33 91 
43 97 39 99 
44 98 42 
46 
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EDUCATIONAL SET SCALE 
Laur~nce Siegel and Lila C. Siegel 
Miami University 
We have selected several courses.in which large numbers of stu-
dents tend to enroll. For each·course we have·listed a variety of 
topics covered, items of information presented, and tasks to be acc9m-
plished. 
Assume that you,are enrolled in these courses and therefore are. 
required to learn about.each of the topics listed on the following 
pages. 
The· topics are listed in groups of three. Decide which one of 
the three topics in each group would interest you most and which one 
wo~ld interest you least. Rank the topics in each set of three indicat-
ing the exten.t to which each one interests you by assigning 
1. to the topic that interests you MOST 
2. to the topic in which you have intermediate interest 
3. to the.topic that interests you LEAST 
You may not omit a rank for any topic or assign the same ran~ to 
two topics within a set. Altho~gh it may,sometimes be difficult for 
you to make a decision, it is imperative _that you do so by assigning 
ranks of 1, 2, and.3 to the topics _listed in each set. 
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Examples: 
Assume you are enrolled in a GEOGRAPHY 
course_ and _must :learn abou_t · the following: 
1 
41. .. 
Answer Sheet, 
2 3 4 5 
i: ' 
' 42. :a: . . .. . . 
A. Item~ 41 - 43 
41. The, causes·of earthquakes~ 
42. The names:of-the world's.major oceans. 
43. The distinction between anthraci~e 
and bituminous·coal. _ 
B, !~ems .44 - 46 
44. The ·.length of the Panama Canal. 
45. The-influence-of terrain upon farming 
procedures. 
46. The location of major United.States-
timber resources. 
43. . . 
-44. .. ') . • 
~: 45. . . . . . . 
46. . . •· 
This person has marked-his answer sheet for two sets of topics. 
. 
. 
. 
He has. indicated that, of. the three. topics in_. Set A, he is most 
interested in 42 ("names -of the world's· oceans':'); least, interested in 
43 ("distinction ,between anthracite· and bituminous. coal''); and ha1;1 an 
intermediate·interest in 41 ("causes of earthq~ake1;3") •. Of -the three 
topics in Set B, lie is most interested. in 45, least intereste4 in 44, 
and has intermediate.- interest .in -46. 
. 
• 
.. 
Note: Although the answer sbeet,has 5 answer positions, you.are· 
to use 011ly positions 1; 2, and 3 to rank the three topic~ in· ea,ch·set. 
Remember also that you must rank every topic,on the set and you 
cannot-assign the same ran~ to any-two topics •. 
KEY: 
(3) 
1 - MOST interest in this topic 
2 - Intermediate interest in this topic 
3..,.. LEAST interest in.this topic 
************************************************** 
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Assume you. are exirolled in a BUS.INESS & ECONOMICS coutse and must learn· 
about the following: . 
1. 
2. 
3. 
A~ ItetQ.s l · - .3 
The func tiol'!,s · of the Se~uri ties and Exchange Connnissicmer. 
Factors o~erating to diminish the.size ,of·the U. S. iold reserve. 
Why an."easy money" policy mayrbe·unsound public policy. 
B. Items A - 6 
4. The namesrof the components of the."Gross·National Product." 
5. The meaning of an "odd lot" in stock purchases~ 
6. · The· purpose .. underlyil'!,g. agricul,tuni.l price supports·. 
C ~ ItetQ.S 7 - .9 
7. Major evente1 in the growth .of the u. S. labor unions. 
8. The names of the.nations·const::Ltuting the "common market." 
9. Factors·unc;lerlying a decision to invest vs. a decision to save~ 
D • IteI)ls 10 - 12 .. 
10. The name of an inflationary potential .in the economy.which is 
artificially kept from registering its.elf in prices. 
11. The relationship between disposable.incomes and total expenditures 
for col'!,sumer·goods~ 
12. The ways·in.which Federal .Reserve monetary policy attempts to 
accomplish its _goals. 
E. Items.13 - 15 
13. liow·to read entriee in the stock market page of a.newspaper. 
14. The·present establ,ishe.d-worth of an ounce.of-gold~ 
15. What-is.meant by a_"holding company." 
(Go Right.On To The Next Page) 
KEY: 
(4) 
1·- MOST interest;. in this topic. 
2 - Intermediate·interest in.this topic 
3 - LEAST interest.in this·topic 
************************************************** 
Assume y~u-are enrolle~ in a .SOCIAL SCIEMCE course and must lel:!,rn 
al>out, the fo;Llowing :. 
A. Items 1~ - 18 
16. Environme.nt a~ a partial determinant: of ,mer1tal illness •. 
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17. The relationship between. I.Q •. and. scholastic success in a college 
or university. 
18. Average-ages-at.which childreq. first begin tq creep, walk, 
identify .colors, e1;c. 
B. Items 19 - .21-
19. Th~·difference between a psychiatrist, a psychologist, ·and a· 
psychoanalyst. 
20. The-percentage·of youngsters apprehende4 as j1,1ven:i,le delinquents 
whQ subsequently are apprehended by the.law for committing a 
major crime. 
21. The role of psychological testing in vocational guidance. 
c. Items 22 - 24 
22. The proportion of United.States resider1ts now over age 65. 
23. The effects of caffeine upon muscular coordination. 
24. The meaning of "percentile''. in interpreting test result.s. 
D. Item~ 25 - 27 
25. Th~· primary: symptoms ,, different;iat:i,ng psychotic , (insane) behavior . 
from.neurotic,behavior. 
26 •. The specific ht¥D-an:capabili~ies .known to·deteriorate after about, 
age 60. 
27. The·average incomes·of:various·classifications·of,workers it1 the, 
U.S. ,(e.g., :unskilled, semiskilled, technical, ·professional; etc~) 
E. Items 28.- 30 
28. The percentage of family income that ought to be budget;ed for rent, 
food, .. cloth,ing ,. recreation, _etc. · 
29. What it is that the psycho~nalyst attempts to do~. 
30. The-current divorce.rate in the United States. -
KEY: 
(5) 
1 - MOST interest in this topic 
2 - Intermediate interest in thi$ topic 
3 -, LEAST inte.rest in this tqpic. 
************************************************** 
Assume,you are·enrolled in,a NATQ:RAL SCIENCE course and must.learn 
about the following: 
A. Item$ 31 - 33 
31. Theexplanatien for the fact·that it is so1netimes difficult,,to 
recognize voices. on the telephone~ . 
3Z. The distanc;.e · from earth to the :othet: planets.· in· our galaxy •. 
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33. The critical ve1ocity.required to escape the earth's.gravitational 
pull. 
13. Items. 34 ··- 36 
34. Thenames of the elements inc;.luded within the."halide".group. 
35. Statement of .Newton's .. third law ,of motion. 
36. The significance of a·pH:of·6. 
C.. Items 37 - 39 
37. Formula fol;:' converting centrigrad.e · temperature readings to 
fahrenheit readings •. 
38. The,diffe,rence in.chemical structure between H2o (water) and H2o2 (hydrogen.peroxide). 
39. The distinction between. "ano<;le'·' and "cathode'·' •. · 
D. Items 40 - 42 
40. Chemical factors assoc~ated with transmitting neural impul~es •. 
41. Why thrust.is generated by a jet engine. 
42. The chemical structt,1re of penicillin. 
E. Items 43 - 45 
43. The relative conductivity of certain sqbstances (e.g., iron,. 
copper, zinc, wood).· 
44. The, meaning of "specific gravity. I! 
45 ~ · The effect of inci::eased pressure upon the boiling point of a. 
liquid.) 
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PILOT STUDY 
FRACTION ANSWERING EACH QUESTION CORRECTLY ON FINAL EXAMINATION 
Understanding Subtest Knowledge Subtest 
Answering Answering 
Question .correctly Question Correctly 
1 .302 2 .787 
3 .757 6 .647 
4 .• 416 8 .235 
5 .132 9 .735 
7 .787 11 .419 
10 .257 12 .912 
13 .368 14 .654 
18 .066 15 .213 
19 .338 17 .522. 
20 .390 22 .632 
21 .118 23 .507 
27 .3~8 24 .346 
29 .184 25 • 728 
34 .272 26 .767 
35 .595 30 .368 
36 .287 31 .831 .· 
39 .059 32 .456 
41 .360 33 .ll8 
43 .221 38 .074 
44 .507 42 .516 
45 .132 49 .706 
47 .140 53 .154 
50 .640 54 .559 
51 .206 57 .243 
52 .177 59 .191 
55 .331 62 .574 
56 .309 72 .515 
61 .309 73 .368 
64 .456 75 • 721. 
66 .515 77 .471 
67 .360 78 .463 
68 • 713 80 .552 
70 .397 82 .478 
71 .147 88 .765 
76 .331 89 .735 
83 .265 91 .596 
85 .559 93 .890 · 
87 .250 99 .757 
95 .176 100 .221 
97 .26.5 
98 .559 
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PILOT STUDY 
FINAL EXAMINATION RAW SCORES 
Knowledge.Grou2 Understanding GrouE 
Student Student 
N'llID.bet: K* U** Number K* U** 
2 27 10 1 27 19 
3 11 8 4 9 6 
6 9 10 5 27 28 
8 25 17 7 10 10 
10 23 7 9 13 8. 
13 23 10 11 32 21 
14 15 11 12 24 23 
16 . 26 13 15 18 13 
18 9 5 17 16 14 
19 18 14 20 30 21 
21 28 14 22 30 19 
24 21 12 23 16 11 
28 31. 13 25 20 12 
31 23 15 26 22 17 
33 23 17 27 23 17 
34 14 ·3 29 28 23 
35 32 21 30 19 11 
37 18 20 32 26 23 
39 27 9 36 20 11 
42 28 15 38 22 17 
44 28 15 · 40 24 14 
46 23 13 41 27 . 23 
49 7 5 43 21 14 
50 19: 7 45 24 11 
52 13 14 47 21 17 
54 16 11 48 20 16 
59 17 9 51 15 11 
60 27 20 53 22 18 
62 19 10 55 32 27 
65 23 14 56 19 13 
67 20 11 57 18 12 
69 17· 11. 58 14 15 
72 21 8 61 25 19 
74 17 17 63 15 10 
76 14 9 64 27 21 
77. 21. 9 66 20 16 
79 13 1 68 27 20 
83 25 14 70 31 26 
84 24 21 71 32 18 
90 28 18 73 27 23 
91 20 8 75 7 10 
93 18 6 78 19 15 
97 17 9 80 14 · 10 
K* Knowledge que~tions 
U** Understanding questions, 
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.~owledge GrouE Understanding GrouE 
Student Student· 
Null!,ber K* U** Number K* U** 
98 29 22 81 14 10 
101 17 9. 82 17 15 
102 19 10 85 21 16 
103 14 9 86 25 14 
105 8 11 87 23 19 
106 12 5 88 16 8 
109 24 8 89 24 16 
110 24 14 92 4 9 
112 17 5 94 17 13 
115 30 17 95 27 16 
117 14 7 96 13 10 
119 28 19 99 20 11 
121 19. 9 100 20 .9 
124 20 8 104 21 15 
125 21 9 107 17 14 
126 19 9 108 26 18 
127 19 7 111 19 8 
128 23 16 113 33 29 
136 27 17 114 21 12 
116 22 19 
118 20 12 
120 26 19 
122 19 13 
123 17 9 
129 18 16 
130 22 12 
131 19 16 
132 12 12 
133 11 14 
134 29 19. 
135 33 26 
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PILOT STUDY 
RESPONSES TO STUDENT SURVEY 
Response.Number. 
Question Group 1 2 3 4 5 Chi-square· 
1 Knowledge 1 5 10 18 2z 
Understanding 3 6 16 20 14 3.79 
2 Knowledge· 1 7 19 25 4 
Understandit1g 3 11 16 15 9 9 .09 · 
3 Knowledge.· 1 6 13 28 8 
Understancling 1 9 23 23 3 5.99 
4 Knowledge 2 6 14 13 21 
Understandix,.g 3 4 18 16 18 1.03 
5 Knowledge, 0 5 6 19 26 
Understanding 0 3 7 25 24 1.39 
6 Knowledge 7 16 21 9 3 
Understax,.ding 12 20 21 5 1 3.68 
7 Knowledge 1 7 23 19 6 
Understanding 1 5 13 21 19 9.84 
8 Knowledge 0 0 7 16 33 
Under.standing 0 1 4 13 41 1.43 
9 Knowledge· 9 13 12 11 11 
Understanding 15 11 17 11 5 7.87 
10 Knowledge, 12 21 11 7 5 
Understanding 14 22 17 5 1 4.39 
11 Knowledge 1 1 6 18 30 
Understanding 0 4 7 19 29 0.44 
12 Knowledge· 5 9 21 15 6 
Understanding 6 13 20 13 7 0.98. 
13 Knowledge 0 1 6 26 23 
Unde;rstanding 0 3 13 27 16 4. 72 
14 Knowledge, 2 5 15 20 14 
Understanding 3 4 19 24 9 1.85 
15 Knowledge 6 11 7 18 14 
Understanding 12 12 10 13 12 3.46 
16 Knowledge 9 7 26 11 3 
Understanding 6 8 26 14 5 1.12 
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Questio-p. • Group 1 2 3 4 5 Chi-square 
17 Knowledge 8 20 14 11 3 
Understanding 14 16 12 12 5 2.70 
18 Knowledge 1 6 17 17 15 
Understand:i,ng 2 11 21 9 16 3.51 
19 Knowledge· 0 12 22 14 8 
Understanding 0 0 9 41 9 27.78 
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PRINCIPAL STUDY 
FRACTION ANSWERING EACH QUESTION CORRECTLY ON FINAL EXAMINATION 
Understanding Subtest Knowledge Subtest. 
Fraction Fraction 
Answering Answering 
Quest:l.on. Correctly Question Correctly 
1 .2133 6 .737 
3 .742 9 .439 
4 .222 11 .338 
7 .813 12 .242 
14 .434 13 .904 
21 .318 15 .535 
22 .758 18 .520 
23 .556 20 .546 
24 .379 25 .788 
27 .328 26 .818 
35 .424 29 .485 
36 .535 30 .848 
37 .394 32 .343 
40 .323 33 .419 
43 .419 39 .348 
44 .364 42 .289 
46 .288 48 • 712 
50 .732 53 .732 
51 .273 54 .293 
52 .470 57 .384 
56 .242 67 .377 
61 .202 73 .667 
64 .546 74 .652 
66 .454 76 • 778 
69 .818 77 .424 
71 .576 80 .283 
85 ,242· 82 .646 
87 .399 84 .561 
89 .258 90 .626 
93 .556 91 .596 
95 .227 99 .742 
97 .268 99 .742 
98 .601 
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PRINCIPAL STUDY 
FINAL EXAMINATION - EDUCATIONAL SET SCALE RAW SCORES 
Knowledge Grou 
Student Student 
Number K* U** ESS*** Number. K u ESS 
1 16 13. 2 73 22 11 9 
2 24 18 7 76 22 15 1 
4 5 7 11 78 21 15 10 
5 11 11 80 16 8 5 
8 17 18 10· 82 12 5 
11 22 16 8 83 23 18 11 
14 17 17 85 13 10 9 
15 15 19 1 87 13 10 5 
17 15 12 -1 88 28 24 
19 19 20 89 13 10 
20 13 12 90 24 15 16 
22 23 18 92 18 11 8 
23 16 12 10 94 17 19 15 · 
26 7 7 -2 97 25 24 4 
27 17 15 0 100 13 6 11 
28 27 20 9 102 12 12 
29 26 19 8 104 14 12 10 
30 20 10 17 105 21 16 0 
33 24 22 16 106 14 11 
34 20 17 110 19 15 
37 17 21 3 112 21 10 
38 17 10 3 115 14 9 
40 24 22 15 116 9 12 
42 21 13 10 118 21 15 14 
44 25 25 10 121 11 12 
45 19 15 8 122 14 7 8 
49 10 13 12 123 25 23 13 
51 24 21 126 11 8 2 
52 9 12 129 15 13 13 
54 21 17 17 131 25 12 6 
55 18 21 12 132 9 9 9 
57 16 9 8 133 26 18 7 
59 21 20 135 17 13 
61 17 19 3 137 4 6 
63 26 17 -3 139 10 10 
64 18 9 6 141 11 6 
65 14 17 -6 143 17 17 
67 22 20 1 146 17 16 
70 21 19 14 148 20 20 
72 16 21 11 150 23 19 23 
K* Knowledge questions. · 
U** Understanding questions 
ESS*** Unadjusted Educational Set Scale ·Score. 
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Knowledge Group (Continued) 
Student 
Number K* U** ESS*** 
153 22 22 3 
154 20 17 8 
155 12 9 -1 
158 17 11 16 
160 29 29 23 
161 20 15 -9 
163 26 24 -1 
164 13 14 -1 
165 6 7 
167 13 8 5 
169 20 13 -2 
171 21 18 
173 11 14 
176 10 11 13 
178 13 11 2 
180 18 18 2 
181 22 14 8 
182 13 14 2 
183 14 16 
184 20 16 12 
187 23 19 7 
189 17 13 
190 16 10 4 
191 18 18 
193 8 7 7 
194 19 19 9 
196 24 22 11 
197 15 12 
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PRINCIPAL STUDY 
FINAL EXAMINAGION - EDUCATIONAL·SET SCALE RAW SCORES 
Understanding Group 
Student Subtest Student Subtest 
Number K u ESS Number K u ESS 
3 11 12 3 96 11 6 
3 13 21 9 98 20 16 
7 6 8 99 19 13 7 
9 21 23 101 21 18 2 
10 6 11 103 8 7 
12 12 13 12 107 16 14 
13 23 17 108 18 7 -5 
16 · 25 27 15 109 18 10 1 
18 17 15 111 13 11 13 
21 20 13 10 113 26 19 7 
24 11 3 114 27 25 15 
25 25 19 8 117 20 18 9 
30 10 11 5 119 11 13 
32 5 11 10 120 26 · 25 11 
35 26 25 6 124 14 15 15 
36 15 8 11 125 10 6 16 
39 18 25 10 127 7 6 -2 
41 9 10 128 20 19 17 
43 22 20 9 130 17 12 9 
46 24 19 134 17 7 -1 
47 23 22 14 136 27 23 9 
48 15 12 138 9 13 2 
50 20 14 10 140 26 18 18 
53 15 14 7 142 24 25 13 
56 17 18 144 14 7 
58 12 12 145 16 14 
60 17 14 -1 147 9 7 -4 
62 21 14. 16 149 26 17 4 
66 20 22 7 151 13 15 
68 16 15 6 152 20 13 
69 16 2(' 4 156 14 12 -5 
71 19 11 2 157 13 11 1 
74 24 27 159 11 9 
75 18 11 7 162 22 16 4 
77 29 30. 23 166 22 17 13 
79 26 24 5 168 25 16 5 
81 16 10 170 15 12 13 
84 19 7 172 11 11 
86 11 12 9 174 26 24 13 
91 19 10 175 26 22 9 
93 13 14 -3 177 18 11 6 
95 15 11 15 179 8 6 
Student 
Number 
185 
186 
188 
192 
195 
198 
K 
19 
26 
17 
8 
9 
25 
u 
12 
27 
11 
6 
5 
23 
Understanding Group (Continued) 
ESS 
-1 
6 
-2 
23 
121 
122 
PRINCI~AL STUDY, 
RESPONSES TO STUDENT SURVEY 
Response Number 
Question Group 1 2 3 4 5 Chi-square .. 
1 Knowledge 2 1 21 31 28 
Understanding 7 7 18 27 16 . 10.52 · 
2 Knowledge 3 6 19 34 21 
Understanding 3 6 24 27 15 1.99 
3 Knowledge 1 4 28 30 20 
Under.standing 0 5 32 27 11 2.64 
4 Knowledge 7 22 32 13 9 
Understan4ing 18 26 23 4 4 12.80 
5 Knowledge· 0 1 12 32 38 
Understanq.ing. 0 1 4 20 50 7.57 
6 Knowledge 0 10 32 34 7 
Understanding 3 7 24 28 13 3.13 
7 Knowledge. 22 24 24 12 1 
Uriderstanding 5 12 31 19 8 22.28 
8 Knowledge 3 6 14 26 34 
Und~rstanding 1 2 7 24 41 5.69 
9 Knowledge 1 9 23 30 20 
Understanding 8 13 23 31 10 10.73 
10 Knowledge 0 1 9 28 45 
Understanding 0 2 14 22 37 2.49 
11 Knowledge 0 12 27 24 20 
Underst~nding 6 8 19 22 20 1.23 
12 Knowledge 3 11 30 30 9 
Understanding 6 12 36 16 5 6.62 
13 Knowledge 3 19 38 18 5 
Understanding 11 23 23 10 8 11.28 
14 Knowledge 4 15 32 17 15 
Unders tand,ing . 2 12 20 23 18 4.30 
15 Knowledge, 11 25 14 15 18 
Understanding 6 23 16 19 11 3.45 
16 Knowledge 7 47 14 3 12 
Understanqing 0 0 5 61 9 107.22 
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